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ABSTRACT 
 
Contaminants of emerging concern (CECs) are chemical compounds that have no 
regulatory standards, are recently discovered in the natural environment due to improved 
analytical methods, and can potentially cause adverse effects to aquatic life. More 
specifically, CECs affecting fish communities include endocrine disrupting chemicals 
(EDCs), which can produce developmental abnormalities or alter the epigenome, potentially 
affecting survival and reproductive success. This study assessed CEC occurrence as well as 
toxicological and epigenetic responses of caged, hatchery-reared Chinook salmon 
(Oncorhynchus tshawytscha) and field-collected, wild, resident cutthroat trout (O. clarkii) at 
sites representing different land uses in the Stillaguamish River watershed, Washington State. 
This study was comprised of two experiments over two years: the first hatchery-reared 
juvenile Chinook salmon were caged for 28-days and the second, wild, resident cutthroat trout 
were captured via electroshocking.  This study analyzed presence and concentrations of CEC 
analytes in stream water using Polar Organic Chemical Integrative Sampler (POCIS) devices 
across all study sites. The study analyzed chemical contaminants in fish tissues (i.e., liver and 
gall bladder), as well as vitellogenin (VTG) protein in blood plasma. Gene expression was 
analyzed using microarray technology. Contaminants of emerging concern occurrences and 
concentrations were generally low, although somewhat higher at sites receiving urban or 
agricultural runoff or wastewater treatment effluent. Chemical analyses indicated low CEC 
concentrations in sampled tissue from both Chinook and cutthroat, as most analytes were not 
detected above reporting limits.  Vitellogenin protein results revealed few measurable 
detections.  Analysis of gene expression also suggest overall weak responses relative to 
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controls. Overall, this study found some CEC pollution, mostly at sites influenced by 
urbanization, agriculture or wastewater effluent, but there was little to no indication that CECs 
are affecting fish health in the Stillaguamish watershed.  
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INTRODUCTION 
 
With respect to ambient water quality criteria in the U.S., the term “contaminant of 
emerging concern” or CEC has been used by The United States Environmental Protection 
Agency (USEPA) to identify a variety of chemical compounds that have no regulatory 
standard, are recently discovered in the natural environment due to improved analytical 
chemistry detection levels, and potentially cause damaging effects to aquatic life at 
environmentally relevant concentrations (EPA 2008). In recent years, there has been a focus 
on these chemicals in surface waters like streams and creeks because of the Clean Water Act 
(CWA), which regulates chemicals discharged into waters of the United States, but doesn’t 
have regulatory levels for CECs. The USEPA is therefore, managing and addressing ways to 
determine concentrations that are protective of aquatic health (EPA 2008).  These include 
pollutants that are present in the environment as a result of anthropogenic activities, but 
whose presence and importance are only recently being assessed.  Contaminants of emerging 
concern comprise a variety of chemicals originating from a variety of sources, have a variety 
of effects on aquatic life (Table 1), and have the potential for endocrine disruption (ED) in 
aquatic organisms as a common concern/ focus; as ED’s, they can alter the functioning of the 
endocrine systems at environmentally relevant concentrations.  
Wastewater treatment plant (WWTP) effluent and factories are often point sources for 
many CECs. For example, treated WWTP effluents discharge surfactants, pharmaceuticals 
and other chemicals not considered CEC’s such as polyaromatic hydrocarbons (PAHs) (Aerni 
et al. 2004). Nonpoint sources of CECs can include urban and agricultural runoff, specifically 
from streets, parking lots, and roofs which can contain a complex mixture of chemical 
contaminants. This includes metals, pesticides, greases, sediments, plasticizers and flame 
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retardants, some of which are suspected endocrine disrupting chemicals (EDCs) (Coles et al. 
2012). As a result of the range of sources, these CECs tend to exist in surface water systems 
as mixtures of chemicals.    
Currently, the USEPA has Ambient Water Quality Standards (AWQS) for the 
protection of aquatic life but only for single chemicals, while many CECs are expected to 
exist in mixtures.  There are models such as the Toxic Equivalence (TEQ) and toxic units 
(TU) that allow for predictions of multiple chemical toxicity using only knowledge of 
chemical concentrations in an environmental sample, but the models require an assumption of 
additivity, which occurs when the mechanism of action of individual chemicals in the mixture 
is similar. The ability to predict toxicity of chemical mixtures is a challenge. Recently, there 
has been an increase in the number of research groups working on predictive models to 
determine chemical toxicity, fate and transport of CECs, and to assess chemical mixture 
effects (Groner and Relyea 2011).  
Researchers and research laboratories will frequently use fish as model species to 
understand the effects of CECs in general and EDCs in particular (Relyea 2008). While many 
different versions of definitions are used to describe EDCs, most commonly they are 
described as a chemical substance or mixture that may alter the structure or function of the 
endocrine system. These chemicals can produce adverse behavioral or developmental 
abnormalities, alter the epigenome, and cause reproductive, neurological and immune effects 
in both aquatic organisms and humans (Palanza et al. (1999), Skinner et al. (2009), National 
Institutes of Environmental Health Sciences (NIEHS) (2016)). The potential mechanisms 
through which these suspected EDCs alter the endocrine system include mimicking 
endogenous hormones, antagonizing normal hormones, altering the natural pattern of 
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hormone synthesis or metabolism, or by modifying hormone receptor levels (Mills et al. 
2005). Endocrine disruption caused by suspected EDCs is important to consider for 
population health and results in a complex group of chemicals to study. Endocrine disruption 
in fish and other aquatic organisms can and may lead to major ecological consequences, such 
as altering population structures, changes in sex ratios (Jobling and Tyler 2003) and infertility 
(Howell et al. 1980). Barber et al. (2012) showed that fish exposed to WWTP effluent 
suffered dramatically with increased disruption to their endocrine systems, ultimately 
resulting in adverse reproductive effects, when compared to fish collected from upstream. 
Their results indicated that exposure to low-level suspected EDCs can lead to a condition of 
gonadal intersex, female biased sex-ratios, reduced sperm count in males, and elevated plasma 
vitellogenin (VTG) in males.  
Often times, researchers will use biomarkers to study adverse effects that suspected 
EDCs may have on aquatic organisms. Biomarkers of exposure, such as VTG (an egg yolk 
precursor protein found in blood and/or the liver) in male fish, are commonly used. Of 
particular concern is feminization of male fish indicated by an expression of VTG. Normally, 
this protein is present in both male and female fish but typically higher concentrations are 
found in sexually active females (Tyler et al. 1996). Very little if any should be detected in 
male fish unless they have been exposed to EDCs that mimic estrogens.  Increased VTG 
expression in males, resulting in overproduction of VTG, may lead to feminization and other 
changes affecting reproduction, health or survival (Arukwe and Goksoyr 2003, Burki et al. 
2006).  
Endocrine disrupting chemicals have the possibility to affect the health, vitality and 
population structures of culturally significant salmonid fishes found throughout the Pacific 
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Northwest. Conceptual models, such as the adverse outcome pathways (AOP), outline how 
EDCs can affect the health, vitality and population assemblages.  For example, Ankley et al. 
(2010) proposes four pathways demonstrating how estrogenic chemicals can alter population 
abundance and sex ratios.  It is important to understand the effects caused by such 
contaminants, monitor and assess these effects, research innovative approaches to calculate 
and quantify the ecological risk and ultimately, minimize (or mitigate) the risk posed to the 
health of fish and wildlife. This paper will focus primarily on CECs that are considered 
suspected EDCs by EPA (2008) but other chemicals are included. If an analyte is specifically 
identified as a suspected EDC in the paper, then it will be listed on one of these two 
databases: EPA (2008) or European Commission’s Endocrine Disrupting Priority List (EC) 
(2015). If no distinction is necessary or the analyte is not a suspected EDC, it will be referred 
to as CEC.  
The purpose of this study is to provide a quantified assessment of CEC concentrations, 
more specifically, those considered suspected EDCs and potential toxic effects to juvenile 
hatchery-reared Chinook salmon (Oncorhynchus tshawytscha) and wild, native populations of 
juvenile cutthroat trout (O. clarki) at sites representing different land use and cover types in 
the Stillaguamish River watershed, Washington State. My overall hypothesis was that sites 
affected by urban runoff, agriculture and the Arlington WWTP would show the greatest 
prevalence of suspected EDCs in terms of water quality, epigenetic, and toxicological 
responses. To address this I developed three testable primary hypotheses: 1) the most 
urbanized, agriculturally influenced sites followed by the WWTP site would have the greatest 
number of chemical detections (hypotheses 1.1.1 and 2.1.1) and largest concentration values 
(hypotheses 1.1.2 and 2.1.2) of suspected EDCs; 2) Chinook and cutthroat exposed to those 
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sites would have the greatest concentrations of suspected EDCs in their tissues (hypotheses 
1.2.1, 2.2.1 and 2.2.2); and lastly, 3) Chinook and cutthroat with higher suspected EDC 
concentrations in their body tissues would have greater incidence of epigenetic responses, 
including altered patterns of VTG expression  (hypotheses 1.3.1 and 2.3.1) (Table 2).    
 This project was part of a multi-year study comprised of two separate experiments. In 
the first experiment we compared suspected EDC responses of juvenile hatchery-reared 
Chinook in cages deployed at different sites in the Stillaguamish, watershed, and in the 
second experiment we compared suspected EDC response of wild, native, juvenile cutthroat 
trout collected at similar study sites.  
STUDY SITES 
The Stillaguamish watershed covers an area of approximately 1,813 km2 and includes 
more than 5,008 km of stream, river, and marine shore habitat (Figure 1). The Stillaguamish 
River has two major forks, both originating in heavily forested foothill slopes of the Cascade 
Range (WDFW 1975). The Washington State stream catalog (WDFW 1975) describes the 
headwaters for the North fork as originating near the Finney Peak area within the Mount 
Baker National Forest with runoff influences from Whitehorse Mountain.  The headwaters of 
the South fork originate near Barlow Pass also within the Mount Baker National Forest with 
several large mountains influencing runoff (Bald Mountain, Big Four Mountain, Vesper Peak 
and Pilchuck Mountain).  These two forks eventually converge in Arlington, WA to form the 
Stillaguamish River, which drains into both Port Susan and Skagit Bay (via the old 
Stillaguamish channel), eventually entering Puget Sound. The Stillaguamish is the fifth largest 
tributary to Puget Sound (Stillaguamish Implementation Review Committee (SIRC) 2005).  
With Puget Sound located directly west and the Cascade Range to the east, this area exhibits a 
maritime climate with cold, wet winters and moderately warm summers.  This watershed is 
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considered a relatively pristine area with primarily forest and agricultural land uses 
(Stillaguamish Technical Advisory Group 2000). Specifically, the Stillaguamish watershed is 
comprised of 79.5% forest, 17% agricultural operation including row crops and non-
commercial farming, 2.5% rural, 0.5% urban and less than 1% industrial (Spatial Analyst 
Hydrology Toolset in Environmental Systems Research Institute (ESRI) ArcGIS (v. 10.2)).  
The Stillaguamish River supports seven species of anadromous Pacific salmon 
(Oncorhynchus spp.): fall and summer Chinook, chum (O. keta), coho (O. kisutch), pink (O. 
gorbuscha), sockeye (O. nerka), summer and winter steelhead (O. mykiss), and ocean-run 
cutthroat trout (O. clarkii clarkii).  In addition, other native non-anadromous and resident fish 
species use the river for migration, spawning, and rearing throughout the year. Table 3 lists 
the total number of fish returning to the spawning grounds (i.e., escapement) in the 
Stillaguamish watershed during the 2011 and 2012 seasons (WDFW and Stillaguamish Tribe 
of Indians 2012). Puget Sound Chinook salmon and steelhead have been listed as threatened 
under the U.S. Endangered Species Act since 1999 and 2005, respectively (National Marine 
Fisheries Service 1999, 2006).   
This study examines nine sites within the Stillaguamish watershed representing a 
variety of land uses broadly categorized as agricultural (i.e., non-commercial farming and row 
crops), urban, forested, and industrial. Land use designations were determined through 
examination of Geographic Information System (GIS) datasets (i.e., 2010 Census Data, 
National Land Cover, and 2006 Snohomish County ArcGIS layers). Drainage basins for each 
site were generated using the Spatial Analyst Hydrology Toolset in Environmental Systems 
Research Institute (ESRI) ArcGIS (v. 10.2). As the underlying terrain for generating basins 
we used a mosaic of 6 feet Lidar digital elevation models. The United States Geological 
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Survey (USGS) 10-meter digital elevation model was used where the Lidar mosaic yielded 
gaps.  Seven sites were sampled in 2011, four in 2012, with two sites sampled in both years 
(Table 4).  For this project, study sites were classified by potential for suspected EDC 
presence and therefore three groups were generated: urban and agricultural runoff potential 
(i.e., streams with sub-basins predominantly in row crops and non-commercial farming), 
WWTP effluent exposure (i.e., a section of the mainstem river receiving effluent from the 
Arlington WWTP), and forest or fish reference sites (i.e., relatively pristine, forested sites 
with minimal potential for suspected EDC presence). The urban and agriculture runoff 
potential classification included church, fish, Miller, portage and prairie creeks. The only site 
receiving WWTP effluent discharge is the Stillaguamish River mainstem site. There are two 
different classifications for reference sites being used in this study (e.g., forested reference 
and fish reference) and described in further detail below. These sites include Boulder River, 
French creek, Harvey creek hatchery, and squire creek.  A brief description of each site and its 
major land uses follows. 
Urban and Agricultural Potential Sites 
 
Church creek (Cc) is a fourth-order tributary to the mainstem of the river, located in 
the lower valley of the watershed at a relatively low elevation (73ft above sea level). The 
church creek drainage basin is comprised of 81% agriculture, 10% forest, 8% urban and 1% 
industrial. 
Fish Creek (Fc), a third-order tributary that drains into portage creek (Pc) about five 
miles upstream of its mouth, is located in the lower valley of the watershed. The fish creek 
drainage basin consists of 94% agriculture, 5% rural and 1% forest.  
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Miller Creek (Mc) is a third-order, tidally-influenced, drainage ditch that flows 
directly through the fertile lower Stillaguamish River floodplain to the mainstem of the river. 
This region of the watershed is dominated by row crop production (76%) and small non-
commercial farming (24%).  
Portage Creek (Pc) is a third-order tributary that drains to the mainstem of the 
Stillaguamish River.  The portage creek drainage basin includes the cities of Arlington and 
Silvana and is comprised of 49% agriculture, 36% urban, 12% industrial and 3% rural.  
Prairie creek (Prc), a third-order tributary that drains into portage creek, is located near 
Arlington downtown. This creek flows through urban areas (61%), agriculture (22%) and 
industrial (18%) areas before entering the river. 
Wastewater Treatment Plant Effluent Site 
 
The Stillaguamish River mainstem (Srm) is a sixth-order river below the confluence of 
the North and South forks.  Sampling at this site occurred approximately 11 river miles 
upstream from the mouth to Port Susan, approximately four miles downstream of the 
Arlington WWTP (also known as The Water Reclamation Facility) outfall, along a diversion 
channel paralleling an Army Corps of Engineers diversion dam. This diversion from the 
mainstem channel reconnects about three river miles downstream of the dam. This site is a 
nested (i.e., non-independent) site, as all sites (except church and Miller creeks) located 
upstream eventually flow through this downstream site. The drainage basin of this site is 
comprised of 81% forest, 16% agriculture, 2% rural and 1% urban land, an area that 
comprises most of the Stillaguamish watershed, but does not include church or Miller creek 
sub-basins.   
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Reference Sites 
Forested Reference 
 
For the purpose of this study, both squire creek and Boulder River will be referred to 
in this paper as forested reference sites. These are field sites where equipment (i.e., POCIS 
samplers and water quality devices) were deployed in the creeks and where anthropogenic 
contamination was expected to be low.   
Squire Creek (Sc) is a fourth-order tributary to the Nork Fork of the Stillaguamish 
River.  This site is located the furthest upriver and drains parts of White Horse Mountain, the 
U.S. Forest Service wilderness area and DNR public forest. Squire creek’s drainage area 
consists of 97% forest and 3% rural. The squire creek site was sampled in 2011. Boulder 
River (Br) is a fourth-order tributary to the North Fork of the Stillaguamish River. Boulder 
River, is comprised of 100% public forest lands and privately owned tree farms. Boulder 
River was originally selected as the forested reference site in 2012, but due to extreme high 
flows, turbid waters, followed with high debris loads during the sampling period, this site was 
removed for fish collection. Water quality parameters and POCIS data were still collected and 
recorded. French creek (an adjacent), similar in size was used in place of for fish collection 
only.  
Fish Reference  
 
For the purpose of this study, French creek and the Harvey creek hatchery sites will be 
referred to as the fish reference sites. These are field sites where the captured fish were used 
as the “control” condition for the microarray as these sites were expected to have low levels 
of contamination. The Harvey creek hatchery was sampled in 2011 and the French creek site 
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in 2012. The French creek site was selected only after the Boulder River site was not 
conducive for sampling.  
French Creek (Frc) is a third-order tributary to the North Fork of the Stillaguamish 
River, in the Boulder Wilderness area. Land use in this area is 100% forest, comprised of 
public forest lands owned by the Washington Department of Natural Resources (DNR) and 
privately-owned tree farms.  This creek is an adjacent creek to Boulder River, share similar 
landscape and land use features, making it a comparable stream for sampling.  Harvey creek 
hatchery (Hch), one of three hatcheries located within the Stillaguamish watershed, is located 
north of the town of Arlington on Harvey creek, a tributary to the mainstem of the 
Stillaguamish River. This has been an operational fish hatchery managed by the Stillaguamish 
Tribe of Indians since 1976.  This site served as the source of juvenile Chinook (hatchery-
reared) for all field deployments, no water quality data were collected. Control cages, placed 
in raceways, with clean well water, were used inside the hatchery during the 2011 study.   
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2011 HATCHERY CHINOOK EXPERIMENT  
METHODS  
Water Quality Sampling and Analyses 
 
Real-time water quality (WQ) parameters (temperature, pH, specific conductivity, 
dissolved oxygen and barometric pressure) were measured using stationary YSI 600 XL data 
sondes at a subset of urban/agricultural sites (church, Miller, portage, and prairie), at one 
WWTP effluent site (Stillaguamish mainstem) and one forest reference site (squire) (Table 4). 
The sondes recorded data every 15 minutes and were deployed from April 11-13 through May 
9-10, 2011 (Table 5).  On a weekly basis we collected the same WQ parameters listed above 
using an YSI 85 field meter as a quality control check. Every two weeks we serviced the data 
sondes, which included calibrating, replacing batteries and downloading data. Sampling and 
collection procedures followed those closely described by Wagner et al. (2006). The USGS 
Water Science Center, Tacoma WA, provided temperature data from hobo data loggers. 
Temperature data was averaged as daily mean (Figure 2).  
Polar Organic Chemical Integrative Samplers (POCIS) were also deployed at all sites 
(Figure 3a and b). At each site, the POCIS was placed at a fixed location near the data sonde 
when possible and deployed/retrieved on the same days as the data sonde (Table 5). 
Collection and sampling procedures of the POCIS mirrored those of Alvarez (2010). The 
POCIS membranes were prepared by Environmental Sampling Technology, Inc. (EST 2014; 
St. Louis, MO) while membrane extract chemistry was performed by the United States 
Geological Survey (USGS) National Water Quality Lab (NWQL) following standardized (i.e., 
published) methods by Zaugg et al. (2014). The POCIS quantified a wide range of analytes, 
including perflourinated analytes (PFCs), polybrominated diphenyl ethers (PBDEs), 
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polycyclic aromatic hydrocarbons (PAHs) and pharmaceuticals and personal care products 
(PPCPs), all of which are listed in more details in Tables 1 and 6. For the purposes of this 
study, which required interpretation of POCIS data collected passively from unknown 
volumes of stream water, the method detection limit (MDL) is defined as the long-term limit 
of quantification from the method.  According to USGS procedures, the quantification limit 
for any given analyte is equivalent to the concentration of the lowest standard for that analyte 
in the calibration curve (Zaugg et al. 2006 and 2014, Furlong et al. 2008). The MDL for each 
analyte is used to calculate the reporting limit (RL). The RL is typically set at two times the 
calculated MDL.  This is an ‘information rich’ analytical method, where identification and 
confirmation of an analytes presence often occurs at concentrations below those at which a 
quantification of known confidence can be made (Moran, P.W.  Personal communication; 
2014). Thus, there may be strong confidence that an analyte is present, and reported, but then 
flagged due to weak confidence in the quantification.  The POCIS data represents an 
accumulation of analytes present at a given site, over a given period of time.  
A few factors were applied to the raw POCIS data before analysis and are described 
here. All analyte concentrations were time-weighed (i.e., normalized by 31, the average days 
deployed), and removed from further analysis if they were detected at levels less than the 
associated field blank. If the concentration exceeded the associated field blank (or average 
field blank) and/or exceeded the MDL, they were carried forward for further evaluation (i.e., 
termed full set) (Table 6). Some concentration values were flagged and given a code that is 
described as: f; there was a field preparation issue and/or below associated field/laboratory 
blank and E; the value was estimated (as reported from USGS laboratory). These codes 
described here and listed in Table 6 were applied for informational use only but otherwise did 
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not affect their use throughout this paper. Average values were used when there were 
replicates at a site (i.e., Stillaguamish).  Here after, any chemical that is identified as detected 
is from the analyte list carried forward for evaluation (full set; n=43).   
POCIS data can be hard to interpret, therefore a series of statistics were used and 
briefly described here. Odds ratios (e.g., contingency tables) were used to interpret and 
determine if any differences occurred between two population proportions. One advantage to 
using this approach is the ability to visualize proportions (Ramsey and Schafer 2006). For this 
study, the odds ratio table was created using the full set (n=43) of chemistry data and all sites 
were tested against the forested reference site, squire creek. Non-parametric tests, specifically, 
RELATE, Analysis of Similarity (ANOSIM) and Similarity Percentage (SIMPER) functions 
from the statistical software package PRIMER, version 6.1 were also used to further describe 
the POCIS data. The RELATE function is one way to assess community change/separation 
based on ranks of dissimilarities. ANOSIM, a permutation procedure, also uses rank 
dissimilarity matrices to classify samples measured with Euclidean distances. ANOSIM 
reports an R statistic for each pair-wise comparison tested. The R statistic measures the degree 
of separation. Large R values (close to 1) are usually indicative of complete separation of the 
samples, whereas small values (close to zero) imply little or no separation. In some cases, 
when the R statistic is large, some will continue to test samples using the SIMPER function. 
SIMPER is an additional exploratory analysis tool using the ANOSIM results. SIMPER uses 
the largest R statistics and identifies the most influential sample in each pair-wise comparison 
(Clarke and Gorley 2006). SIMPER results are not based on significance, but rather on a 
gradient from least to most influential.   
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Fish Sampling and Toxicological Analyses 
 
Juvenile hatchery-reared Chinook salmon were randomly chosen from Harvey creek 
hatchery and housed in stainless steel cages, following similar procedures and cage design 
described by Vermeirssen et al. (2005).  Cages were deployed at urban/agricultural sites 
(church, Miller, portage, and prairie), at the Stillaguamish WWTP effluent site, and one forest 
reference site (squire). Cages were deployed for approximately 28 days, beginning April 11-
13, 2011 (Table 5).  All fish selected were weighed (considered a wet weight; to the nearest 
gram) and measured (fork length; to the nearest millimeter) prior to deployment in cages. 
Only fish that measured 70-79 mm and weighed between 4.3-7.1 g were used in the study. 
This threshold was used to avoid larger fish that may be sufficiently mature to exhibit 
secondary sex characteristics, which would make it more difficult to detect elevated levels of 
exogenous estrogenic analytes in the fish. Fish were transported to each site using coolers 
filled with water from the hatchery (≈10.4˚C) and an average time of 90 minutes was taken to 
acclimate all fish to river water (≈ 6-8˚C) before placement into cages.  At each site, two 
stainless steel stationary cages (20 inches in length, 4-inch diameter, and 15 gauge 
thicknesses; Figure 4) with stainless steel mesh end caps were placed on top of each other just 
above the river bed at a depth of approximately 1.5 m in pools. The cage design of all 
stainless steel parts and pieces was utilized to ensure no leaching of possible chemicals from 
the plastics used in commercial cages. Cages were designed by the author and manufactured 
by the Western Washington University Scientific Technical Services machine shop. Cages 
were positioned parallel to river flow so that naturally occurring, river-borne food particles 
could enter the cage.  Cages were held stationary by attachment to rebar pounded into the 
river channel (Figure 3c).  Cages were camouflaged to protect fish from predation and prevent 
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vandalism.  Each cage housed 12 fish (i.e., 24 fish total per site). Cages were checked for 
survival three times weekly (Monday, Wednesday and Saturday) for the first week and twice 
weekly (Monday and Friday) thereafter. Fish were fed hatchery pellets on day 14 of the study. 
A comparable caging/POCIS study using similar species and exposure time was carried out 
by Vermeirssen et al. (2005), who indicated that an exposure time of approximately 28 days is 
sufficient to accumulate potential loadings of toxicants into fish tissue.  
 After roughly 28-days, removal of cages was initiated after a visual inspection of fish 
using underwater camera technology. At Miller creek cages were removed after day 16 due to 
near total mortality and poor fish condition (i.e., low dissolved oxygen, low water, and salt 
influence). Therefore, fish samples from this site were not comparable and excluded from the 
study. At each site (except Miller creek), fish were removed from cages and placed into 
separate holding tanks where a non-lethal dose of the anesthetic tricaine mesylate (MS222) 
was added to lightly sedate the fish.  Once sedated, 15 individuals were randomly selected for 
sampling, and measured and weighed (after quick placement on an absorbent paper). The pre-
deployment weights were measured with live fish and were highly variable as compared to 
the post-deployment weights taken with sedated patted-dry fish (considered a dry weight). 
The randomly selected fish were immediately sacrificed and their livers and gallbladders were 
excised.  
Gall bladder tissue samples were collected from individuals (n=10), randomly during 
fish dissection, composited for each study site, placed in amber 20 ml vials, immediately 
placed on ice and later frozen for further laboratory analysis.  The USGS Columbia 
Environmental Research Center prepared the composited gall bladder samples from each site 
for analyses of hydroxylated-polycyclic aromatic hydrocarbons (OH-PAH) using a High 
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Performance Liquid Chromatography-Fluorescence detection (HPLC-F) method (Gale et al. 
2011). The specific PAHs analyzed were 1-hydroxynaphthalene (1-OH-NAP); 2-hydroxy-
naphthalene (2-OH-NAP); 2-hydroxy-fluorene (2-OH-FLU); 9-hydroxy-fluorene (9-OH-
FLU); 9-hydroxy-phenenathrene (9-OH-PHE); 1-hydroxy-pyrene (1 -OH-PYR); 1-hydroxy-
chrysene (1-OH-CRY); and 3-hydroxy benzo(a)pyrene (3-OH-BaP).  
Approximately 30 mg of liver tissue was harvested and halved from each sample fish. 
One of these halves was individually placed in a 20 ml amber vial (n=15) for tissue chemistry 
analysis and held for further analysis by the USGS Columbia Environmental Research Center 
laboratory. The other half of the sample was placed in a 1.5 mL centrifuge tube for genetic 
expression analysis (i.e., microarray). These liver samples were immediately isolated in a 
stabilizing agent (RNeasy solution, Qiagen Sample & Assay Technologies, Hilden, Germany) 
and placed on ice for further genomic analysis.   
This study’s sampling procedures and methods adhere to Western Washington 
University’s animal care requirements. All field collections and sampling methods followed 
the procedures outlined by the USGS Biomonitoring of Environmental Status and Trends 
(BEST) program (Schmitt and Dethloff 2000). 
 
Gene Expression and Microarray Background 
  
To fully understand the microarray process, it is imperative that you understand the 
basic approach of how gene expression occurs within an organism. This is commonly referred 
to as the “central dogma” of biology first termed by Francis Crick in 1957 (Allison 2012).  
The general flow pattern that all genetic information follows is explained by the subsequent 
flow path; Deoxyribonucleic acid (DNA) sequences are transcribed into messenger 
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ribonucleic acid (RNA; transcribed from a particular gene), which are then translated into 
proteins (Allison 2012). Proteins are found within all living organisms and involved in every 
biological process inside the cell. Whereas, DNA is the hereditary material and genes are 
sequences of DNA. RNA is involved with several cellular processes and responsible for 
collaborating with and modifying DNA synthesis in the RNA to protein creation processes 
(Allison 2012). RNA molecules are broadly classified into messenger RNA, transfer RNA, 
and ribosomal RNA.  In this study and through the use of microarray technology, discussed 
below, we sought to measure mRNA abundance as a measure of cellular response to 
environmental cues. We measured mRNA via salmonid livers to understand the movement or 
“expression” that was most likely to occur within the protein process.  While it is noted that 
many molecular processes within eukaryotic cells can and do modulate mRNA translation and 
protein synthesis, in this study we interpret the response of treatment groups according to the 
measured levels of mRNA as indicative of their final gene expression.  
Gene Expression Analysis  
  
Microarrays are a diagnostic tool used to measure and analyze gene expression for 
thousands of genes. A microscope glass slide is used in most microarray experiments. These 
slides contain thousands of spots, with each spot on the microarray representing a unique 
gene. Typically, known DNA strands representing genes of interest are used and “printed” on 
a tiny glass slide, in an orderly manner with a predetermined pattern using heating and 
cooling and fixative agents to allow those genes fragments to be “fixed” or “printed” to the 
slide to create the spots.  Our experiment used a microarray based on rainbow trout (O. 
mykiss) genes described by Wiseman et al. (2007). Many microarray experiments utilize two 
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types of tissue groups; reference (control) and treatment. For clarity between “reference sites” 
and “reference tissues” as traditionally used in microarray discussions, fish reference tissues 
and ‘control’ tissues will be used interchangeably for this paper. The process used to develop 
a microarray is as follows: 1) tissue is collected from each group; treatment and reference 
‘control’, 2) the mRNA is isolated from each group using a specific buffer solution (i.e. 
RNAlater and followed by RNeasy extraction kits (both from Qiagene, Inc.), 3) the mRNA is 
converted to cDNA through a process called reverse transcription, and 4) each group is 
fluorescently labeled with cyanine 3 (CY3; green) and cyanine 5 (CY5; red), respectively 
(Amersham, GE Lifesciences). The treatment and reference tissues are then added in equal 
amounts to the array (glass slide) and these two groups hybridize together as they bind to the 
“printed” glass slide. The slides are then rinsed and scanned using a special scanner that 
produces a tag image file format (TIFF) image displaying multiple- fluorescent intensity 
levels of spots (red, green, black and yellow).  The color images generated from the scan are 
used to identify which cDNA strands hybridized to what spot. If a given spot appears red, it 
means that particular gene produced more mRNA (i.e., was more strongly expressed) in the 
treatment tissue than in the control tissue. This gene would thus be considered up-regulated. If 
a spot appears green, this means that particular gene did not produce more mRNA in the 
treatment tissue relative to the control tissue, and therefore is down-regulated. If a spot 
appears yellow, this contains a gene that hybridized to both the green and red cDNAs (i.e., the 
gene is expressed equally in both the treatment and control tissue). A black spot indicates 
genes that were not transcribed, i.e. not every gene is expressed in every cell. In this study we 
were interested in analyzing the red (up-regulated) and green (down-regulated) spots and 
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those that displayed higher intensity (i.e., were most active).  Figure 5 provides a visual 
display of this process.  
Microarray Construction 
 
A two-color low density targeted cDNA microarray was created at The University of 
Waterloo Microarray Laboratory in Waterloo, Ont., Canada as described in Wiseman et al. 
(2007) containing originally 147 genes, but later expanded to 748 rainbow trout gene 
sequences, that was used in this study. The array was comprised of genes with well conserved 
sequences known to be important in metabolism, growth, immune function, reproduction and 
endocrine signaling (Wiseman et al. 2007). Osachoff et al. (2013) supports the use of this 
rainbow trout array as being successfully utilized by other closely related Onchorynchus spp. 
such as Chinook salmon. Similarly, cutthroat and rainbow trout side-by-side species 
comparisons with the array have also been conducted (Vijayan, M., personal communication).  
Genes were printed in triplicate (n=2496 total spots) on the slides and included replicate 
spots, reference or ‘housekeeping’ genes (i.e., genes that are expressed in all tissues used as 
performance checks; Chang-Wei et al. 2011), as well as empty spots containing internal 
standard or “buffer” solution.  Replicate spots and housekeeping genes are used in many 
microarray analyses to allow for post-processing of gene spots (Dudoit 2000). All glass slide 
microarrays used in this study were supplied by the laboratory of M. Vijayan, University of 
Waterloo, and originally printed by the Microarray Facility of the Prostate Centre at the 
Vancouver General Hospital (Vancouver, BC, Canada). 
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Microarray analysis  
 
The University of Waterloo Microarray Laboratory in Waterloo, Ont., Canada 
performed the isolation of the mRNA, purity testing, hybridization, slide printing for our 
samples, and provided images captured in TIFF (tagged image file format) consistent with 
guidelines for minimum information about a microarray experiment (MIAME) standards 
(Functional Genomics Data Society 2014). The Waterloo laboratory also provided gene 
function interpretation for most all genes analyzed, whereas, if further interpretation was 
needed, gene cards suite by Life Map Sciences (Almeda, CA) was used. I completed post-
processing of the microarray data by placing the data through a series of data filters and 
normalization steps using TM4 microarray open source software suites (Saeed et al. 2003, 
Dana-Farber Cancer Institute, Boston, MA).  I used Spotfinder to process the TIFF images 
and define spots (Braisted et al. 2008). I created a grid within spotfinder to account for all 
spots within a slide and I manually corrected the alignment.  Poor or negative spots were 
analyzed following methods described in Wiseman et al. (2007). Data was analyzed from the 
average of three or more replicate spot intensities on each microarray slide. I utilized 
microarray data analysis system (MIDAS) for quality filtering and normalization, more 
specifically, locally weighted scatterplot smoothing (LOWESS), in-slide replicate testing, die-
swap checking, flip-dye consistency, and within/between array normalization.   
In this study, mRNA, was recovered and isolated from five sampled fish per site.  Due 
to the dye swapping procedure of biological replicate pairs, which suggests an even number of 
samples, only responses from four individuals, resulting in two dye- swapped pairs, could be 
used in the subsequent analysis phase. The two-dye swapped pairs per site were then used in 
the final analysis.  Dye-swapping is essential to filter out any experimental noise, background 
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noise, correct for systematic errors as described further by Bilban et al. (2002) and protect 
against any dye-bias.  An example of this might look like the following: An mRNA sample 
for biological condition A1 gives two sub-samples A1.1 (reference/control tissue) and A1.2 
(treatment tissue). These are labeled by Cy3 and Cy5 dyes and hybridized with B1.1 and B1.2 
labeled in complement color. If a gene is randomly degraded in A1 but not in B1, it will 
appear as over-expressed in B over A on both slides (example re-created from Serguei Sokol 
2007).  Applying the dye-swapping technique will allow for averaging of the dyes between 
the pairs. Replicate pairs must therefore be used across all sites and dye-swapping of 
biological pairs was performed before proceeding with any further analysis (Figure 6).  
Finally, I applied multiple experiment viewer (MeV) to generate multigene and multi-
sample displays of expression data.  Due to the overall low expression values, data filters 
using MeV were applied in the following order; 1) percentage cut-off filter of 10% and 2) a 
variance filter to achieve the highest standard deviation of genes. This filter was set to output 
the 100 most responsive genes and after removal of “buffer”, internal standards, and 
unrecognized genes by geneontology the output was 54 replicate pairs (i.e., 108 values) 
provided in log2 value. The log2 values reported measured the relative fluorescence intensity 
for each gene (e.g., relative expression level) that were either positive (i.e., expressed/up-
regulated) or negative (i.e., repressed/down-regulated) values. We were interested in both 
positive and negative expression levels and therefore, for the purpose of this paper and for 
clarity the 54 genes carried forward for evaluation will be referred to as the “most responsive 
genes” from here forward. Data corrections were applied similar to those used by Braisted et 
al. (2008).  
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Microarray Experimental Design 
  
In this study, experimental tissue collected at the fish reference sites will be referred to 
as reference mRNA (i.e., tissues collected at the Harvey creek hatchery fish reference site) 
and treatment mRNA (i.e., tissues collected at urban/agriculture, forested reference, and 
WWTP sites). Reference mRNA were fluorescently labeled CY3 (green) and hybridized 
individually with treatment mRNA (church, portage, prairie, squire, Stillaguamish) labeled 
CY5 (red). Fish collected at the Harvey creek hatchery fish reference site (i.e., reference 
tissue) were similarly transported for an equivalent amount of time (~15 minutes), returned to 
the hatchery waters and placed in cages for similar caging (identical to the handling) of all 
stream caged fish. All values from all the sites were normalized by the Harvey creek hatchery 
conditions where we expected the fish, due to a lack of transplantation “shock”, would have 
the least caging stress effects. It is important to note that while we also considered squire 
creek a forested reference site, we still anticipated some responses in the microarray, although 
not from chemical stressors. All fish sampled were juveniles and predominantly males, albeit 
most were sexually indistinguishable upon inspection.  Subsequent light microscopy was used 
for final sex classification which was performed on-site at the end of the experiment 
DATA ANALYSIS 
Basic WQ 
  
Basic water quality parameters (temperature, specific conductance (SC), dissolved 
oxygen (DO) and pH) were not subjected to statistical analysis. Graphical comparisons of the 
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data were created in Microsoft Excel (2013) as a useful tool to evaluate sites on a plot of 
temperature by day.  
POCIS 
If the 95% confidence interval reported from the odds ratio table did not contain the 
value 1.0, we considered the association to be statistically significant at alpha = 0.05. 
Statistical software PRIMER for windows version 6.1 (Plymoth, UK) performed the non-
parametric statistical tests (RELATE, ANOSIM, SIMPER). Differences with p≤ 0.05 were 
considered significant. Visual comparison graphs were created using Microsoft Excel (2013). 
Fish Tissue-Gall Bladder 
 
No statistical analyses were performed due to few, if any, detections per individual 
sample.  
Genomic Analysis 
 
To manage the gene expression data set, which included zeros and negative log2 
values, I transformed the data by adding a constant (i.e., value of 2.0), making the data set 
positive and non-zero. This data transformation was initiated because often times zeros and 
negative values are problematic for some multivariate analyses. Given similarity of gene 
expression, no further pre-treatment was applied.  Data were checked for normality of 
distribution and homogeneity of variances by use of normal probability plots and Bartlett’s 
test, respectively. A single one-way analysis of variance (ANOVA) was performed using 
Minitab® 16 statistical software (State College, PA) to test for differences among all 
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treatments and determine any relationships. PRIMER statistical software for windows version 
6.1 (Plymoth, UK) was used to perform the non-parametric multivariate analyses (ANOSIM 
and SIMPER).  If ANOSIM resulted in a significant model, I used the SIMPER function to 
breakdown the contribution of each species to the similarity, and/or dissimilarity. Differences 
with p ≤ 0.05 were considered significant. PRIMER was also used to perform Principle 
Components Analysis (PCA). Principle component analysis is a linear model that uses all 
variables to find combinations of variables that explain the most variance in the data (Crawley 
2007). These different combinations of variables are called principle components (PC), and 
the most variation is explained by PC1, followed by PC2, and so on. A successful ordination 
will explain most of the variance within the first three principle components. Microsoft Excel 
(2013) for windows was used to average data, create graphs and charts.    
RESULTS AND DISCUSSION 
Basic Water Quality  
 
In general, the water quality parameters (temperature, specific conductance, dissolved 
oxygen and pH) did not fluctuate much over the study period at all locations (Table 6).  All 
values were within acceptable ranges as compared to water quality standards in the 
Washington State Department of Ecology’s (WSDOE) surface water criteria (WSDOE 2011). 
Water temperatures (°C) at the urban and agricultural sites ranged from 5.6 to 12.3, the 
WWTP site had temperatures ranging from 5.2-16.5 and temperatures at squire creek, the 
forest reference site ranged from 3.7 to 9.5 and was on average 2.5 degrees cooler than all 
other sites sampled (Figure 2).  
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POCIS 
 
Of the 128 CEC analytes analyzed from the POCIS extract, 73 were not detected at 
any site, 12 were detected but with concentrations reported below the associated field blanks, 
resulting in 43 analytes being carried forward for evaluation.  Of the 43 analytes carried 
forward for evaluation, the urban and agriculturally influenced sites had the following number 
of analytes detected: church creek (31), miller creek (27), portage creek (23), and prairie creek 
(20). The WWTP effluent site had 17 total analytes detected. The forested reference site, 
squire creek, had 14 analytes detected. (Table 6; Figure 7).   
Using the odds ratio approach with the full-set of analytes (n=43), we find the odds of 
measuring a detection at church creek (n=31) to be 5.35 times the odds of a detection at squire 
creek (n=14) (95% CI: 2.13 to 13.46; Table 8).  Based on the overlap of the CI and no value 
of 1.0, we can conclude that the associations are statistically significant. The odds of 
measuring a detection at Miller creek (n= 27) are 3.49 times the odds of a detection at squire 
creek (96% CI: 1.43 to 8.49). Based on the CI, we conclude that this association is statistically 
significant. The odds of getting a detection at portage creek (n=23) are 2.38 times the odds of 
a detection at squire creek (95% CI: 0.99 to 5.72). Based on the CI spanning the value of 1.0, 
we can conclude this association is not statistically significant. The odds of getting a detection 
at prairie creek (n=20) are 1.80 times the odds of a detection at squire creek (95% CI 0.75 to 
4.32). Using the CI, we conclude that this association is not significant. The odds of getting a 
detection at Stillaguamish site (n=17) are 1.35 the odds of a detection at squire creek (95% CI 
0.55 to 3.27). Based on the CI, we conclude this association is not statistically significant. 
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Detected analytes were broadly categorized into chemical classes (i.e., sources) and 
listed on table 6. The analytes were classified into the following classes: 1; PAH, 2; PBDEs, 
3; phthalates, 4; pesticide/herbicide/insecticides (PHI), 5; wastewater indicators (WWI), 6; 
pharmaceutical and personal care product (PPCP), and 7; surfactants/plasticizers (SP). 
Overall, all the sites shared very similar chemical classes. The most common chemical classes 
shared among all sites were; pharmaceuticals and personal care products, wastewater 
indicators, and surfactants/plasticizers. Based on these observations, I would have expected 
the urban and agriculturally influenced sites to have a higher prevalence of PHIs. 
Additionally, I did not expect the forested reference site to contain any WWI or PPCPs.  
 
No significant correlation was found between the structure of one multivariate sample 
set (genes; n=54) and a second multivariate sample set (chemistry; n= 43), using the RELATE 
function in PRIMER (Rho=0.036, p=0.556, permutations=999). The data was pre-treated (i.e., 
normalized by the mean and standard deviation) by the software prior to the test.  With alpha 
=0.05, we can conclude that the test results do not show any relationship among the genes and 
chemistry stronger than that observed from random permutations of the data. Small sample 
size, resulting in low power, may be contributing to the non-significance reported here. 
 
There were seven analytes that were detected across all the sites. Caffeine, camphor, 
diethyl phthalate (DEP), galaxolide (HHCB), indole, para cresol and para-nonylphenol (NP). 
Typical uses of these analytes and CAS numbers are described further in Table 9. Four of 
these nine: (DEP, HHCB, NP, and para-cresol) are well known CECs and listed in more detail 
below.   
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These three CEC analytes (DEP, NP, and para-cresol) are also listed on the European 
Commission’s Endocrine Disrupting Priority List (EC 2015) as suspected EDCs. Para cresol 
(p-cresol) is used largely in the formulation of disinfectants, fragrances and dyes. Para cresol 
can also result from auto exhaust, wood burning, and in wood preservatives (EPA 2000).  In 
the Stillaguamish watershed there are several possible p-cresol sources such as; leaching from 
old wood products after historical logging events, old docks and/or river pilings, disinfectants 
and fragrances (home use) and/or cleaning agents used with agriculture practices. The EC 
(2015) suggests that p-cresol be listed as a category 2 chemical, indicating that a significant 
amount of evidence exists related to endocrine disruption in aquatic organisms. This category 
proposes that p-cresol has at best some in-vitro evidence of biological activity that can cause 
endocrine disruption. DEP phthalates are light-colored, odorless liquids and are commonly 
used plasticizers found in several consumer products such as soaps, paints, detergents, 
toothbrushes, kid’s toys, nail polish, perfumes, food packaging and medical tubing (National 
Center for Biotechnology Information; CID=6781; 2005). This phthalate is listed on the EC 
(2015) as a category 1 chemical, indicating that there is evidence of endocrine disrupting 
activity using intact animals. Timbrell (2000) found that DEP may cause specific damage to 
the male reproductive system particularly to the testies using fish as a model species. 
Nonylphenol (NP) is widely recognized as a suspected EDC (Hong-Xia et al. 2013). NP is 
used in production as a nonionic surfactant, in plastics, formation of epoxy resins, in 
formaldehyde, has been found in industrial cleaning products and in agricultural activities 
(EPA 2010 and Toxicology Data Network 2013). The EC also groups NP as a category 1 
chemical with evidence supporting endocrine disrupting activity in aquatic organisms.  EPA 
(2010) considers NP to be highly toxic to fish, aquatic invertebrates and aquatic plants. The 
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possibility does exist that these chemicals could have been airborne and/or derived from some 
alternative sources than from within the watershed. Galaxolide (HHCB) is included with a 
brief description, not as a suspected EDC (EPA 2008, EU 2015), but rather as an analyte on a 
“watch list”.  Galaxolide is the most widely used and consumed polycyclic musk fragrance 
representing 90% of the total US polycyclic musk market (EPA 2008). This analyte is listed 
on Oregon State’s Department of Environment Quality Priority Persistent Pollutant List 
(OSDEQPPPL) (2010).  Galaxolide has been shown to be an antiestrogen by blocking the 
production or inhibiting the effects of estrogens in fish (Scheures et al. 2004). Schnell et al. 
(2009) reported that galaxolide had the highest potential of a synthetic musk capable to 
interfere with a fish’s cytochrome P450 enzymatic pathways. It is debatable whether or not in 
the near future, especially with population growth expected to increase, coupled with 
advances in technology, that this polycyclic musk finds itself on a list as a suspected EDC. 
Concentration values from the detected analytes ranged from 8.42 to 3249.26 
ng/POCIS in urban and agriculture sites, 13.95 to 1948.57 ng/POCIS in the WWTP effluent 
site and 8.28 to 590.11 ng/POCIS at the forest reference site.  The differences in individual 
analyte concentrations in the POCIS at the urban and agriculture sites compared to the forest 
reference site ranged from a factor of 0.43 to 7.84, whereas the differences at the WWTP site 
compared to the forest reference site ranged from a factor of 0.48 to 2.76. Of the analytes 
detected at urban and agriculture sites, 28 were not detected at the forested reference site. Of 
the analytes detected at the WWTP, 6 were not detected at the forested reference site.      
The above results are similar to those reported by McCarthy et al. (2009). This study, 
used POCIS samplers to sample similar analytes (i.e., pesticides and wastewater treatment 
area) collected from drinking water received from the McKenzie River. The study location 
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shared comparable landscape categories (i.e., urban, agriculture, forest, water treatment plant), 
size (i.e., drainage basin) and study results similarly observed low levels (i.e., ng/POCIS) of 
detected analytes. The authors reported the concentration of the detected analytes as: 
cholesterol (1200 ng/POCIS; 2 of 3 sites), DEP (550 to 1800 ng/POCIS; 2 of 3 sites), and 
DEHP (not quantified, but less than reporting limit; 1 of 3 sites). In comparison to our study, 
we saw cholesterol levels range from 474 to 2284, DEP range from 505 to 1948, and DEHP 
range from 1837 to 3249 (all values reported in ng/POCIS). It is important to mention that 
cholesterol is ubiquitous (Wagner et al. 2014) in surface waters, routinely indicative of plants 
and animals, thus, making this detection not unique.  
Consistent with my hypothesis (1.1.1), the number of analytes detected at urban and 
agriculture sites (n=20-31) and the WWTP site (n=17) was greater than the number of 
detections reported from the forested reference site (n=14). Also, consistent with my 
hypothesis (1.1.2), the concentration of analytes were greatest in urban/agriculture sites 
(church, Miller, portage, and prairie) with a factor difference of 0.43 to 7.84 compared to the 
forest reference site. The WWTP effluent site (Stillaguamish), had concentration values with 
a factor difference of 0.48 to 2.76 compared to the forest reference site. These lines of 
evidence suggest that suspected EDCs are likely present in the Stillaguamish watershed and 
present in nanogram/POCIS concentration levels.  
Of the 43 analytes analyzed across the basin, 58.7 % of them were detected in the 
urban/ agriculture sites, 39.54% were detected at the WWTP effluent site and 32.55% were 
detected in the forest reference site. However, even though the urban, agriculture and WWTP 
sites, showed the greatest number of chemical detections and strongest overall chemical 
concentrations, our forested reference site was also contaminated. Six of the 10 similar 
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detected analytes from the WWTP effluent site were also detected at the forested reference 
site and in greater concentrations although five of these were below the MDL when blank 
corrected.  The only analyte above the MDL at a higher concentration in the forested 
reference site than at the WWTP was para cresol (290.07 versus 140.61 ng/POCIS).  There 
were a total of six analytes detected at the WWTP effluent site that were not detected at the 
forested reference site.  While we expected the forested reference site to have low 
anthropogenic contamination, we did not expect this site to differ in number of chemical 
detections (n=3) and concentration (6.97%) from the WWTP effluent site. As described in the 
study sites section above, the forested reference site (squire creek) was the furthest upstream 
sample site, located in primarily forested dominated landscape (97% forest and 3% rural) and 
several river miles from the WWTP effluent site.  The most likely explanation is that this 
information rich approach to reporting analytical results produces false positives and should 
therefore be interpreted with caution.  Of more interest is the para-cresol which was above the 
MDL and RL. Additionally, Miller creek had approximately six times more para-cresol than 
the forested reference site and 13 times more than the WWTP effluent site. As a reminder 
Miller creek is a tidally influenced drainage ditch, located in the lower fertile Stillaguamish 
valley, dominated by non-commercial farming and row-crops. This creek is listed on section 
303 (d) of the Clean Water Act, which identifies bodies of water that are impaired by 
contaminants and not expected to recover within the next two years (WSDOE 2016).  
Therefore, one might speculate that these large concentrations observed may perhaps be from 
the near proximity of the railroad tracks (i.e., built with creosote planks) thus, leaching into 
the surface waters. Stillaguamish Tribe of Indians field biologist on several occasions 
observed, tar-like substances dripping from a near-by railroad bridge constructed of creosote 
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planks covered with asphalt (Rogers, R. Personal communication; 2016). This watershed also 
has numerous, active dairy operations near the sampling site.   
Fish Growth and Survival 
 
Survival rates for the caged fish did not differ among sites for the 28-day caged fish 
trial (except Miller creek, where there was 80% mortality at the 16-day check). We saw 100% 
survival (24 of 24) at all sites except church (23 of 24) and squire creek sites (22 of 24). Some 
caging effect was expected and observed as fish weights and lengths were lower after the 28 
days of caging than upon the start of the experiment (Table 10).  The sampled caged cohorts 
(start n= 144, end n= 141) showed an average decrease in weight of 21% at urban and 
agriculture sites, 27% at the WWTP effluent site and 24.5% at the forested reference site. 
These results differ from those of Beckman et al. (1998), which showed that wild fish tend to 
increase weight rapidly or maintain weight during a similar study period (spring) based on 
laboratory/ field experiments by using changes in water temperature. All pre-caged fish were 
weighed wet whereas post fish were dead (dry weight) thus possibly enhancing the dramatic 
weight decrease as seen in the fish. Thus, all changes in wet weight should be considered 
more qualitative than quantitative. All trial fish were examined before and after entrance into 
the cage and some fish (45 of 141) did experience blunt noses and frayed fins which were 
expected after the experiment, although there was no consistent pattern as to which sites this 
occurred at.  
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Tissue Samples 
 
We found that none of the gall bladder composited samples had chemical detections 
greater than the detection limit (5-26 ng/ml) set for the eight OH-PAH metabolites.  All 
concentrations were reported below detection limits and this may suggest that our sample 
masses were too small or no OH-PAH metabolites were present at the time of the study. The 
low concentrations in samples were consistent with low PAH concentrations detected via 
POCIS at all sites.  These independent lines of evidence validate each other to suggest that 
PAH concentrations in these stream habitats are low. Based on these results, I reject my 
hypothesis (1.2.1); the OH-PAH concentrations did not differ among sites.       
Gene Expression 
  
Of the 54 most responsive genes (i.e., positive or negative log2 values), the strongest 
response was detected at prairie creek (ATP6V1B2; 1.37 log2 value) with the weakest 
response detected at squire creek (CYP2K4; -1.59 log2; Table 11). Church creek had a total of 
33 up-regulated genes (30.5%), 47 down-regulated (43.5%) and 28 with no value (25.9%). 
The strongest and weakest responses were: PD1A3; 0.79 log2 and ATP6V1B2; -0.895 log2 
(Figure 8). Portage creek had a total of 45 up-regulated genes (41.6%), 47 down-regulated 
(43.5%) and 16 with no value (14.8%). The strongest and weakest responses were: 
CYP3A27d195; 0.815 log2 and ATP6V1B2; -1.35 log2 (Figure 9). Prairie creek had 34 up-
regulated genes (31.4%), 44 down-regulated (40.7%) and 30 with no value (27.7%). The 
strongest and weakest responses were: ATP6V1B2; 1.37 log2 and SUM03; -0.735 log2 
(Figure 10). The WWTP effluent site had 46 up-regulated genes (42.5%), 44 down-regulated 
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(40.7%) and 18 with no value (16.6%).  The strongest and weakest responses were:  
ATP6V1B2; 1.28 log2 and MTIA; -0.84 log2 (Figure 11). Squire creek, our forested reference 
site had 51 up-regulated genes (47.2%), 43 down-regulated (39.8%) and 14 with no value 
(12.9%). The strongest and weakest responses were: ATP6V1B2; 0.785 log2 and CYP2K4; -
1.59 log2 (Figure 12). Replicate values were averaged and used in figures 8-12, therefore may 
not depict the same results (visually) as above. These results indicate that the ATPase 
(ATP6V1B2) and cytochrome P450 families (CYP3A27d195, CYP2K4) genes were the most 
commonly expressed genes; with ATPase expressed across all sites and the cytochrome P450 
families expressed at two of the five.      
A single one-way ANOVA was run on the most responsive genes (n=54) at each site. 
Expression from one gene, nicotinamide riboside kinase 2 (NMRK2) also referred to 
(ITBG1BP3), was significantly different (F= 6.23, p=0.035) among sites. Tukey’s HSD post 
hoc mean grouping test indicate that prairie creek was the most different site compared to the 
others. Expression from the NMRK2 gene was seen across all sites with values ranging from 
(-0.381 to 0.395 log2 value). This gene is a key molecule involved in maintaining cellular 
energy and metabolism pathways (Shanmugasundram et al. 2013) similar to that of the 
cytochrome P-450 family. In this study we did observe expression from a few cytochrome P-
450 genes (not statistically significant) more precisely, CYP2K4, CYP2K5, CYP2M1, 
CYP3A27 d195 and CYP3A27 d196. These enzymes serve some very important functions 
throughout the body. They are primarily responsible for eliminating, detoxifying and 
controlling the level of foreign compounds (xenobiotics) from the body. These enzymes help 
to alter the rate at which a drug is degraded and cleared from the body (Mitchell et al. 2015).  
No other genes nor sites were considered significant using this statistical approach.  
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Pair-wise comparison tests among and between sites (i.e., portage and prairie and 
portage and Stillaguamish) reported significant results (ANOSIM Global r = 0.43, p-value = 
0.042). All other comparisons among and between sites were not considered significant (i.e., 
R ranged from -0.25 to 0.50; 999 permutations) using the R statistic.  The relationship 
between and among gene patterns to each site is far less similar, only 4% of the time, as seen 
in 999 random permutations of the site assignment.  Fish from a given site are far more 
similar to each other in their gene response than that of a random permutation of the data. 
Therefore, we were further interested in which genes drive the within site similarity and 
which ones drive the various between site (i.e., portage and prairie and portage and 
Stillaguamish) similarities. For this we utilized the SIMPER function in PRIMER. These 
results suggests that the pair-wise relationship in gene responses among portage and prairie 
creeks to be: the ATPase, H+, Transporting, Lysosomal 56/58Da, V1 Subunit B2 
(ATP6V1B2) gene (33.40% similarity), the cytochrome P-450 family 2K4 (CYP2K4) gene 
(11.41% similarity) followed by the cytochrome P-450 family 2K5 (CYP2K5) gene (4.20% 
variation) for a cumulative value of about 49%. The pair-wise relationship among portage and 
Stillaguamish sites had an average Euclidean distance measure of 15.41 and again the 
ATP6V1B2 gene was most influential (32.65% similarity), the CYP2K4 gene (7% similarity), 
followed by the Vitellogenin receptor (VtgR) gene (6% variation) for a cumulative value of 
approximately 45.7%. There were no significant differences found between our forest 
reference site (squire) and any other sites. These results suggest that portage creek fish are the 
most dissimilar compared to other sites and the ATP6V1B2 gene is the most influential gene, 
contributing the most similarity among portage, prairie and Stillaguamish sites.   
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Gene responses were subjected to a principle components analysis (PCA). The first 
two components showed eigenvalues greater than one and therefore interpretation used only 
these components. The PCA found that the first two principle components (PC) explained 
51.4% of cumulative variance between samples. Principle component 1 included 29 genes and 
PC 2 included 27 genes (Table 12). Similar to the ANOSIM and SIMPER results, the 
ATP6V1B2 gene was considered the variable that contributed the most in PC 
1(coefficient=0.589), followed by the CYP2K4 gene (coefficient=0.456). The 2-dimension 
ordination suggests that the portage creek site is the most different whereas, all other sites 
(church, prairie, Stillaguamish and forest reference site; squire) appear to be most similar (i.e., 
Euclidean distance) to one another (Figure 13).  
The categories of genes that were most responsive did not vary among sites. Gene 
function was evaluated using the most responsive genes across all sites. As defined in the 
microarray analysis section above, the most responsive genes were those that were carried 
forward for evaluation after data filters were applied (n=54). The most common gene 
functions included: binding/transport, endocrine, immune, metabolism, proteolysis, signal 
transduction and structural. Overall, 77% of all the most responsive genes across all sites fell 
into two categories: binding/transport (42%) and metabolism (35%), whereas less than 10% of 
the genes were grouped in the other functional classes (endocrine (7.87%), immune (1.57%), 
proteolysis (1.97%), signal transduction (9.06%) and structural (1.97%)) (Figure 14). Gene 
function was also analyzed by gene responses at an individual site, but did not vary from the 
above results.   
There are many factors to consider when looking at metabolic and energetic demands 
in fish, more than are suitable for the scope of this paper. However, it does appear that our 
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fish show a trend of expressed genes representing two major gene functions: binding/transport 
and metabolism. This may suggest that there is an energetic cost and added metabolic demand 
to these fish. However, determining the exact cause remains unclear; are we seeing a 
physiological stress due to handling and/or caging? or environmental stress due to chemical 
exposure? or are we seeing a combination of both of these situations occurring? Bruce Barton 
(2002) reported that fish ultimately respond to stressful situations in a cumulative approach. 
The author suggests that the length of time between stressors, the effect of multiple stressors, 
and the severity of continuous stressors are all important factors to consider as they influence 
how fish respond. Fish, especially salmonids have been shown to respond to short-term 
stressful situations (e.g., handling or caging) remarkably well and able to return quickly to 
their previous physiological state (homeostasis) (Helfman et al. 2009).  Although, I seem to 
think that biomass and density in a cage may play a large role of how quickly fish return to 
their previous state. However, Oikari (2006) reports that currently there are no standardized 
figures for the appropriate biomass density with caging experiments, since this depends solely 
on the species and their specific behavioral patterns. Therefore, to help tease out some of 
these factors, researchers will routinely include additional blood tests (i.e., plasma cortisol or 
plasma glucose) in the experimental design to help determine the magnitude of stress response 
in the individual (Helfman et al 2009). In future work, it would be useful to test plasma 
cortisol and glucose levels to help further filter the causes of stressors that we see in our 
experiment.  
However, in this study we did see expression from one heat shock protein (HS), 
specifically, Heat Shock 10kD Protein 1 (Chaperonin 10) (HSPE1).  Heat shock proteins play 
an important role in maintaining homeostasis and are typically indicative of thermal stress, yet 
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have also been reported to be associated with a variety of other physiological stressors and 
exposure to environmental contaminants (Akerman et al. 2000 and Chadwick Jr et al. 2015). 
Osachoff et al. (2013) reported that rainbow trout exposed to sewage effluent showed both up 
and down expression of HS proteins.  We also saw a very strong expression from the 
ATP6V1B2 gene. This gene is responsible for encoding a component of vacuolar ATPase (V-
ATPase), a multi-subunit enzyme that mediates acidification of eukaryotic intracellular 
organelles (Howe et al. 2013). ATP serves as the main energy driver within aquatic 
organisms, where every process (i.e., DNA protein synthesis, muscle contraction, swimming) 
requires ATP to fuel it. A study performed by Yuan et al. (2015) using zebrafish showed that 
ATP6V1B2 plays a vital role in the development of the pectoral fin, the cardiovascular 
system, the swim bladder and hearing.  The study found that when the ATP6V1B2 gene was 
down-regulated, the fish exhibited shorter overall body length, a non-inflated swim bladder, 
the pectoral fin length decreased and severe pericardial edema. When the gene was up-
regulated the researchers observed both reduced overall body length and pericardial edema. 
Heat shock proteins and ATPase proteins are a vital component to an individual’s cellular 
make-up. Expression alteration, from these particular genes, are a helpful indication of stress.  
In this study, we saw six genes expressed (i.e., log2 values positive or negative) that 
are known to be involved in hemoglobin synthesis; namely hemoglobin subunit alpha 1 
(HBA1), hemoglobin subunit alpha 4 (HBA4), hemoglobin beta (HBB), hemoglobin subunit 
beta 2 (HBB2), hemoglobin subunit beta 4 (HBB4) and hemoglobin subunit gamma 1 
(HBG1). Hemoglobin is contained in red blood cells where it helps to facilitate the movement 
of oxygen from the gas-exchange organs and transport throughout the peripheral tissues 
(Souza et al. 2007).  The hemoglobin genes especially, HBA1 and HBA4, are a vital part of 
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the blood and oxygen transport throughout the body (Quinn et al. 2010). We also saw three 
genes that are known to be involved with inflammatory conditions or response, namely: 
matrix metallopeptidase 1 (MMP1), metallothionein 1A (MT1A), and insulin-like growth 
factor binding protein 1 (IGFBP1). The presence of these genes may suggest efforts to 
maintain structural integrity of cellular tissues (i.e., wound healing) all while maintaining the 
ability to tolerate differencing levels of oxygen in the aquatic environment.  However, this 
observation seems particularly relevant in light of the eroded noses and eroded fins that were 
observed in many (45 of 141) of the fish at the end of the caging experiment.  External 
wounds of freshwater fish are known to alter expression of the inflammatory genes listed 
above, specifically MMP1 and MT1A (Pedersen et al. 2015). 
In this study, the strongest gene response (1.37 log2) occurred at the urban and 
agriculturally influenced site (prairie) which is consistent with my hypothesis (1.3.1). Overall, 
low gene expression (-1.59 to 1.37 log2 value) was observed across all sample sites.  We also 
observed relatively low detections (n=20 to 14) and concentrations (8.28 to 3249.26 
ng/POCIS) of analytes, which is consistent with my hypotheses (1.1.1 and 1.1.2).  Two of the 
four urban and agricultural sites, specifically, church creek and portage creek, appear to be the 
most different from all the other sites.  One gene, specifically, ATP6V1B2 was observed to 
contribute the most to the similarity among the gene response across all sites. However, there 
is no clear relationship that forms between our gene expression and chemical concentrations. 
Occasionally seen with aquatic toxicology studies, specifically those analyzing EDCs, the 
relationship between the dose of the chemical and organism response may not always be 
clear. Most commonly we see a sigmodal curve in the dose-response relationship, however 
other patterns have been observed. Osachoff et al. (2013) reported u-shaped and inverse u-
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shaped relationship patterns. This study reported that the majority of their significantly altered 
genes had shown no clear relationship between gene expression and sewage concentrations 
dosed to the salmon. The relationship patterns observed in this study by Osachoff et al. (2013) 
were likely to be the result of the effects of EDs on hormone receptor pathways.  Therefore, 
even though no clear relationship presents its self in this particular study with the tools that 
were used, it just might be that we aren’t able to fully distinguish the relationship between the 
chemistry and gene data. It is, however, entirely possible that we were not able to sufficiently 
measure all analytes present and/or other physicochemical properties, were responsible for the 
shortage of strong chemistry to gene relationships that we observed. Ultimately, these low 
values make it difficult to fully comprehend how the health of juvenile Chinook salmon are 
being affected and impacted throughout the Stillaguamish watershed.
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2012 WILD RESIDENT CUTTHROAT TROUT EXPERIMENT 
METHODS 
Water Quality Sampling  
 
In 2012, basic water quality parameters (temperature, pH, specific conductivity, 
dissolved oxygen) were measured and recorded at four sites, three of them urban/agricultural 
sites (church, fish, portage) and one forested reference site (Boulder River). All water quality 
data collection procedures were similar to those employed in the 2011 hatchery Chinook 
study described above, except the data sonde and the POCIS were deployed at each of the 
four sites for 72 days prior to fish collection (March 12th, 2012- May 23rd, 2012). Vandalism 
of the POCIS occurred at the church creek site on day 22, and a replacement POCIS was 
deployed on day 24. Average values were used when there were replicates at a site, such as at 
church creek. The POCIS were constructed, extracted and analyzed by the Columbia 
Environmental Research Center of the USGS in Columbia, MO.  
Mark Recapture 
 
Several weeks prior to fish collection, we captured, marked and released wild, juvenile 
cutthroat trout at the church, fish and portage creek sites. This effort was to determine whether 
juvenile cutthroat was present and if so, whether these sites could be considered part of their 
home range (sensu Gerking 1953). In collecting fish for toxicity and genetic analyses, we 
gave priority to fish that were recaptured at the site where they had been originally captured.  
Recaptured fish were most likely to be resident in the streams in which they were captured 
and therefore most likely to have had prolonged exposure to any CECs detected at those sites 
through the use of POCIS.  Two teams of three people using backpack electroshockers 
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collected and marked fish. Collected fish were measured, marked and examined for any 
external abnormalities. Different marks were applied to fish at each site to distinguish 
between sites as follows: church; bottom caudal fin clip, fish; top caudal fin clip, and portage; 
anal fin clip.    
 
Fish Sampling and Toxicological Analysis 
 
Wild, juvenile cutthroat trout were collected for tissue chemistry and gene expression 
analysis at urban/agriculture sites (church, fish, portage) and one fish reference site (French) 
by electroshocking in May 2012.  Sexually immature male fish with fork lengths of 85-110 
mm were selected and sampled. The number of fish collected from each site was: church 
(n=9), fish (n=13), portage (n=13), and French (n=8). Fish were primarily captured in pools 
and back eddies at each site.  Fish were sacrificed immediately by a quick strike to the head 
once selected for inclusion in the study. The fish sampling procedures followed the same 
methods described for the 2011 hatchery Chinook experiment described above.   
 Blood plasma was extracted from cutthroat trout in the study to assess VTG 
concentrations at the time of tissue collection. Vitellogenin in our study was measured using 
blood plasma collected from the caudal vein and analyzed to look for exposure to estrogenic 
chemicals in the fish. Blood was extracted from three to five juvenile fish, predominantly 
males; (minimum of three males per site, often all males) immediately after sacrifice. The sex 
of each fish sampled for VTG were as follows: church; (n=5 male; n=0 female), fish; (n=5 
male; n=0 female), portage; (n=5 male; n=0 female), and French; (n=3 male; n=3 female). It 
is nearly impossible to obtain enough blood with a venipuncture on such small fish, so we 
employed a technique known as caudal bleeding (Craig Olson, Northwest Indian Fisheries 
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Commission (NWIF), personal communication 2012).  Fish were first put one at a time in a 
lethal concentration of TMS (MS-222). Blood was then collected as soon as they lost 
consciousness, but before the heart stopped pumping. Fish were quickly removed from the 
water and blotted dry so no water/blood contamination would occur. We cut the tail off at the 
caudal peduncle using a razor blade. The fish were immediately picked up and all blood was 
collected from the caudal artery and vein into a heparinized capillary tube (VWR, Micro-
hematocrit capillary tubes, red band/heparinized). We drained the capillary tube into labeled 
centrifuge tubes, obtaining an average of 0.035 mg of blood per fish. The tubes were 
centrifuged for 10 minutes at 3500 rpm, and all top plasma was transferred to a 1.5 mL 
centrifuge tube which was immediately placed on ice.  Vitellogenin quantification followed 
methods used by Schmitt and Dethloff (2000) and used reagents from Biosense Laboratories 
AS using the Enzyme Linked Immunosorbent Assay (ELISA; rainbow trout) kit for 
measurement of VTG. The ELISA assay procedure was conducted by the USGS Columbia 
Environmental Research Center (CERC), Columbia, MO.   
Liver tissue samples follow similar procedures used in the 2011 hatchery Chinook 
experiment. Some differences did occur and are described here. Both male and female liver 
samples were collected from individuals (n=39) but analyzed in composite (separated by sex 
and site) for halogenated compounds, including organochlorine pesticides and 
Polybrominated Diphenyl Ethers (PBDEs) by the United States Geological Survey CERC 
laboratory following laboratory procedures described by Foreman et al. (1995). Tissue was 
quantified using sample mass and percent lipid value. The other half of the sample was used 
for genetic expression analysis (i.e., microarray) as described in 2011 hatchery Chinook 
experiments section.  
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Gene Expression Analysis 
  
In this study, mRNA, was recovered and isolated from four sampled fish per site, 
resulting in two dye-swapped pairs, which were used in the subsequent analysis phase. 
Treatment groups for the microarray analysis were urban/agriculture (church, fish, and 
portage creeks) and the fish reference site (French creek) served as the reference/control 
tissue. Control mRNA (French) were fluorescently labeled CY3 (green) and hybridized 
individually with treatment mRNA (church, fish and portage) labeled CY5 (red). Due to the 
overall low expression values, data filters using MeV were applied in the following order; 1) 
percentage cut-off filter of 80%, and 2) a variance filter to achieve the highest standard 
deviation of genes. This filter was set to output the 50 most responsive genes and after 
removal of internal standards, “buffer” and housekeeping genes the output was 43 total genes. 
For the purpose of this study and for clarity, these 43 genes, will be referred to as the most 
responsive genes hereafter.  Data corrections were applied similar to those used by Braisted et 
al. (2008). All other procedures followed the 2011 gene expression analysis methods 
described above.  
 
DATA ANALYSIS 
 
Statistical analyses performed in 2012 mirrored those from 2011 which included 
comparisons between water quality, POCIS, fish sampling and gene expression profiling. 
Some differences did occur and are explained here. POCIS data were time-weighted (i.e., 
normalized to the average, 62, days deployed) and chemical analysis using odds ratios used 
the full set of chemicals (n=40) and were tested against the forested reference site, Boulder 
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River. To assess statistical significance using odds ratios, the 95% CI overlap will be used. 
For a result to be significant, the 95% CI overlap, will not contain or span the value of 1.0. 
Genetic analyses values were transformed (i.e., increased by positive 2) as explained in 2011 
to remove negative and zero values and only the most responsive genes (n=43) were used.   
RESULTS AND DISCUSSION 
Basic Water Quality  
 
Upon visual inspection of the water quality data (temperature, D.O., S.C., and pH), it 
appears as though no substantial differences exist among sites (Table 13).  Temperature (°C) 
values ranged from 3.6 to 15.3 at the urban and agriculture sites and 2.4 to 8.6 at the forest 
reference site. All values were comparable to water quality standards found in the Washington 
State Department of Ecology’s surface water criteria standards (WSDOE 2011).   
 
POCIS 
 
Of the 121 chemicals analyzed in the POCIS extract, 78 were not detected at any site, 
three were detected but below the associated field or lab blanks, resulting in 40 chemicals 
being carried forward for evaluation (Table 14).  Of these 40 analytes carried forward for 
evaluation, the urban and agriculturally influenced sites had the following detections: church 
creek (33), fish creek (25), and portage creek (30). The forested reference site, Boulder River, 
had 22 analytes detected (Figure 15). 
The odds ratio approach indicate that we are 3.86 times more likely to get a chemical 
detection at church creek (n=33) compared to the Boulder River site (n= 22) (approximate 
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95% CI: 1.38 to 10.76).  Based on the 95% confidence interval (CI) overlap, we conclude this 
association is statistically significant. The odds of getting a detection at fish creek (n=25) are 
estimated to be 1.14 times the odds of a detection at Boulder River (95% CI: 0.47 to 2.78). 
We conclude this association is not statistically significant. Finally, the odds of getting a 
chemical detection at potage creek (n=30) compared to Boulder River is 2.45 (95% CI: 0.95 
to 6.34). We conclude this association is not statistically significant.  
Detected analytes were categorized into chemical classes (i.e., sources) and listed on 
table 15. The analytes were classified into the following classes: 1; PAH, 2; PBDEs, 3; 
phthalates, 4; pesticide/herbicide/insecticides (PHI), 5; wastewater indicators (WWI), 6; 
pharmaceutical and personal care product (PPCP), and 7; surfactants/plasticizers (SP). Similar 
to 2011 Chinook experiment, all of the sites (i.e., urban and agricultural and forest reference) 
again shared similar chemical classes. The most common reoccurring chemical classes were 
wastewater indicators, pharmaceuticals and personal care products and 
surfactants/plasticizers.  
Similar to 2011, the RELATE function in PRIMER was utilized to determine if any 
relationships occurred between the most responsive genes (n=43) and chemistry data (n=40).  
The chemistry data was pre-treated (i.e., normalized by mean and standard deviation) using 
the PRIMER software to account for the different scales.  Our results indicate a very similar 
story as the 2011 experiment.  Based on an alpha=0.05, the chemistry data was not 
statistically significant (global Rho=0.098; p-value = 0.37; 999 permutations). It appears that 
small sample sizes, likely resulting in underpowered statistics, may be a contributing factor 
for the non-significance seen here.   
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There were 14 CECs that were similarly elevated across all sites, with five also 
observed in the same way in 2011 (Table 16). The associated uses and CAS numbers are 
presented on table 18. Two pesticides (d-limonene and indole (insecticide)) and three (1-
methylnapthalene, 2-methylnapthalene, and naphthalene) analytes with suspected EDC 
properties as reported on European Commission’s Endocrine Disrupting Priority List (EC 
2015) were detected. Both, 1-methylnaphthalene and 2-methylnapthalene, share similar 
chemical classes as naphthalene and are described in more detail in 2011 POCIS results 
section.  
Consistent with my hypotheses (2.1.1 and 2.1.2) most analytes were detected and with 
greatest concentration (ng/POCIS) in urban/agriculture sites (church, portage and fish). These 
findings were also similarly reported in 2011 (hypotheses 1.1.1 and 1.1.2). Analyte 
concentrations from the urban and agriculturally influenced sites ranged from 4.22 to 1850.31 
ng/POCIS whereas, concentrations reported for the forested reference site (Boulder River) 
ranged from 5.26 to 211.74 ng/POCIS.  The differences in individual analyte concentrations 
at the urban and agriculture sites compared to the forest reference site ranged from a factor of 
0.37 to 3.57. Of the analytes detected at urban and agriculture sites, 18 were not detected at 
the forested reference site. Overall, these concentration values are lower than typically 
reported in other POCIS monitoring studies (Alvarez et al. 2005, Mills et al. 2007).    
The trends observed in the 2012 analyses appear to match those observed in the 2011 
analyses. Similarly, CECs and EDCs were also detected at our forested reference sites, and in 
some instances in greater concentrations for both years. This evidence suggest that our forest 
reference sites used in both years of this study were likely as contaminated as the other sites. 
The work completed during the 2011 and 2012 sampling seasons complement each other and 
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make for a very comparable analysis among years thus providing excellent baseline data for 
future monitoring programs. 
The results from these analyses indicate that a number of CECs are likely present in 
the Stillaguamish watershed, specifically at urban and agriculturally influenced sites, though 
at nanogram/POCIS concentrations. These results also indicate that POCIS are well suited for 
monitoring CECs where CECs are present at concentrations less than the detection limits set 
for conventional techniques. One disadvantage of the POCIS is the inconsistent literature 
describing conversion methods/procedures using the concentration values (i.e., ng/POCIS to 
mg/L).   
 
Mark/Recapture 
 
A total of 178 cutthroat trout were captured and marked across all sites (church; 33, 
fish; 67, portage; 77, boulder; one).  A total of 29 trout were recaptured in the study (church; 
zero, fish; eight, portage; 21, boulder; zero). Not any of the recaptured fish in this study were 
recaptured at other sites than the ones where we initially captured and marked them (Table 
17).  While our study was able to mark a few fish per site, the overall recapture rate was low, 
and therefore our intent of determining the extent to which cutthroat trout were resident at the 
sites where they were captured was not fully achieved. We sampled for fish several months 
prior to collection, in slow-moving pools and back eddies. In those creeks where recapture 
rates were higher (fish and portage creeks), riparian cover was noticeable and covered 
approximately 90% of the sampling reach. This is consistent with a study by Heggenes et al. 
(1991) that found recapture rates were the highest among cutthroat trout that occupied slow-
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moving habitats with more cover. The study also suggested that trout recaptured in these 
areas, had the greatest chance of being resident. Our initial sample size was low and recapture 
effort was not as extensive as planned due to high flows (church and boulder) and time 
constraints (French). Most literature suggests that successful mark/recapture studies require 
larger sample sizes and an increased recapture effort (Gerking 1953). Some factors that may 
have contributed to the lowered recapture effort other than the obvious environmental 
variables (high flows, temperature, habitat requirements) were the use of different individuals 
during capture and recapture. Additionally, our recapture efforts (when repeated; fish and 
portage creeks) were performed when water flow was low and clear, making visual detection 
and avoidance by the fish easier.  Our results do suggest that there is not a great deal of 
movement among sites by these juvenile cutthroat trout. These results suggest that 54% of 
cutthroat captured from the fish and portage creek sites were likely resident. The recaptured 
fish in this study were preferentially used for toxicological and genetic analysis.  
 
Liver Chemistry  
 
Average lipid mass was reported at the following sites: church: 0.0148 ng/g, fish: 
0.0164 ng/g, portage: 0.0156 ng/g and French: 0.0039 ng/g. Of the 46 chemicals analyzed in 
the liver, only two analytes were detected above reporting limits: chlordanes (t-nonachlor and 
cis-nonachlor) and Dacthal. Church creek was the only site where both chlordanes and 
Dacthal were detected, whereas fish and portage creeks had detections of chlordanes (Table 
18). These results may suggest that the analytes being analyzed were not present in detectable 
concentrations.  However, it should be noted that liver tissue masses (0.2-0.7 grams) and the 
percent lipids in those tissues (1.5-3%, both data not presented here) in this study are expected 
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to contribute to a lower detection frequency in the tissues analyzed.  Based on this evidence, I 
reject my hypothesis (2.2.1).   
 
Vitellogenin  
 
There was no induction observed in 15 of the 21 samples, where induction was 
quantified as values above 3.0 ng/ml (Table 19).  The urban and agriculturally influenced sites 
had four detections and 11 non-detections. The fish reference site, French creek, had 
detections from two of the three females sampled while the males at this site had non-
detections. There were a total of six detections across all sites, two of which were females. 
The two French creek females had concentrations of 128.3 ng/ml and 18.8 ng/ml. All other 
detected (i.e., male fish) concentrations ranged from 3.7 ng/ml to 9.1 ng/ml. All VTG 
responses were low with the exception of the females at French creek where those values 
were expected and common (Leatherland and Woo 2010). It was reported by Depiereux et al. 
(2014), that male trout are especially sensitive to EDC exposure, causing VTG induction at 
levels of 0.0001 – 0.0005 ng/ml. Using this threshold, some of our wild fish do show some 
VTG induction. However, it is very difficult to determine if the concentration values reported 
in the male fish are a direct result from environmental exposures (i.e. contaminants in the 
water or diet), or if we are observing some naturally occurring VTG as Leatherland and Woo 
(2010) explain in further detail. Based on these results and insufficient sample sizes, I reject 
my hypothesis (2.2.2).  
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Gene Expression 
 
The expression results from the replicate pairs (n=43), indicate the strongest and 
weakest gene responses from church creek (SOD1=1.07 log2; MT1A=-0.858 log2; Table 20). 
Church creek had a total of 43 up-regulated genes, 41 down-regulated and two with no value 
(Figure 16). Fish Creek had a total of 37 up-regulated genes, 45 down-regulated and four with 
no value. The strongest and weakest responses observed were: PECR; 1.04 log2 and BTG1; -
0.75 log2 (Figure 17). Portage creek had 43 up-regulated genes, 31 down-regulated and 12 
with no value. The strongest and weakest responses observed were: C4B; 0.939 log2 and 
IDH2; -0.801 log2 (Figure 18). Replicate pair values were averaged and used in figures 16-18 
and therefore, might not visually depict the same results as described above. The above results 
show no apparent trends.   
A single one-way ANOVA using Tukey’s HSD post-hoc test indicated the expression 
of five genes to be significantly different (Figure 19). The death associated protein (DAP) 
gene was significantly greater at church and portage creeks relative to the other sites 
(F=10.54, p=0.044). The expression of the fatty acid binding protein 3 (FABP3) gene was 
significantly greater at portage (F=31.66, p=0.010), the guanidinoacetate N-methyltransferase 
(GAMT) gene was significantly greater at church and fish creek sites (F=10.04, p=0.047), the 
expression from KH domain containing, RNA binding, signal transduction associated 1 
(KHDRBSI) gene was significantly greater at church and portage creeks (F=12.04, p=0.036) 
and finally Tukey’s post-hoc test revealed that the expression of N-Myc downstream-
regulated gene 3 (NDRG3) gene was greatest at church and portage creeks (F=9.50, p=0.050). 
It is important to mention, that these gene expression responses were only tested against the 
 50 
 
urban and agricultural sites (church, fish, portage) since the other site (French) was used as 
the control in the gene responses.    
 Pair-wise comparison tests (ANOSIM) among and between sites results were much 
weaker than those reported in 2011. Our results indicate no significance (global R=0.167, p-
value=0.333, 15 possible permutations) in all comparisons. The forest reference site was also 
not significant among or between any of the pair-wise comparisons. With these results, we 
conclude there is no relationship, no significance, and therefore no further testing was deemed 
necessary. Low sample size was likely a contributing factor to the shortage of significance 
observed.   
 Gene responses in 2012 were also subjected to a principle components analysis (PCA). 
Together, the first two principle components explained 65.7% of the total cumulative variance 
between samples (Figure 20). Principle component 1 included 21 genes and PC 2 included 25 
genes (Table 21). Unlike 2011 results, no individual genes nor sites set themselves apart from 
the rest of the group including the forest reference site.      
Gene function was again evaluated using the most responsive genes from across all 
sites (n= 43). The functional classes used were: binding/transport, endocrine, immune, 
metabolism, signaling, structural, transcription and unknown. Similar to 2011, 70% of all the 
genes fell into two categories: binding/transport (28%) and metabolism (42%). The rest of the 
genes were responsible for less than 12% of the other functional classes; endocrine and 
immune (2.33%), signaling (11.63%), structural (4.65%), transcription (4.65%) and unknown 
(4.65%) (Figure 21).  
Similar to 2011, we observed very low genetic expression along with low detection 
frequency and concentration values in the POCIS data collected across all sites. Sites affected 
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by urban runoff and agriculture (church, fish and portage creeks) did show the greatest 
detections of CECs with the highest concentrations (hypothesis 2.1.1 and 2.1.2).  
Our data indicate that some well-studied genes related to stress and energy demand 
were expressed (i.e., positive or negative log2 values) in both years of the study (carbonyl 
reductase 1 (CBR1) *, heat shock 60K Da protein 1 (HSPD1), heat shock 10K Da protein 1 
(HSPE1) *, nuclear protein- transcriptional regulator 1 (NUPR1) *, matrix metallopeptidase 
(MMP1) * and metallothionein 1A (MT1A) *, (asterisk * occurs in both 2011 and 2012). The 
expression from these genes, though not statistically significant, may be indicative of the 
stress caused from electroshocking/handling (e.g., mark/recapture and final collection) and/or 
chemical stress as a direct result from exposure to CECs or suspected EDCs in the water. 
Similar to 2011, it appears that we again may observed an added metabolic demand/ energetic 
stress, though, not as obvious as reported in 2011. 
We are fortunate that the analyses used throughout this study are similar to those 
employed during the 2011 study; allowing for direct comparison of results and data. 
Although, fish species (i.e., Chinook vs. cutthroat) and microarray technique (differed slightly 
among the years), the water quality techniques, genetic expression statistical analysis, and 
experimental design stayed the same. Year one (2011), we sampled hatchery-reared juvenile 
Chinook salmon and held them in stainless steel stationary cages for approximately 28 days 
whereas, year two (2012) we electroshocked wild, juvenile cutthroat trout. In both years of the 
study, we observed similar trends in water quality; with the majority of analytes detected in 
the urban and agriculturally influenced sites, followed by WWTP effluent site (2011 only) 
and a slight decrease of contamination observed at the forested reference sites.  Gene 
expression was altered in both years of the study and the greatest expression was observed at 
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the urban and agriculturally influenced sites. As a reminder, gene expression in year one was 
measured using hatchery-raised juvenile Chinook (Harvey creek hatchery) as the control 
tested against the treatment sites, whereas, in year two, the control fish for the experiment 
were collected from a fish reference site (French creek).  In addition, gene function was 
similarly observed for both years (stressor genes; high metabolism and binding/transport). A 
drawback to this study were the small sample sizes and the small amount of tissue collected.  
CONCLUSION 
 
We have demonstrated how passive samplers, better known as POCIS samplers work 
and the biological significance of using microarrays to identify expression of genes in a field-
based study. This study was not designed to provide a comprehensive view of biological 
pathways affected by certain contaminant classes as might be done in a laboratory with 
controlled exposures and concentration-response type experiments appropriate for a larger 
study. Instead, a basin-wide field study of juvenile Chinook salmon and wild cutthroat trout 
were used to identify contaminant exposure and gene expression representing an assortment 
of functional classes. This approach allowed us to recognize contaminant exposures and be-
aware of and familiar with responsive genes using microarray technology. This is the first 
time that a study of such magnitude has been explored in the Stillaguamish watershed within 
different sub-basins and across different land uses.   
The results from this study, exploring gene expression and contaminant exposures 
measured via POCIS, using caged and wild salmonids, should serve as a valuable starting 
baseline for managers and co-managers serving the Stillaguamish watershed. Therefore, to 
ensure preservation of future health, vitality and populations of salmonids throughout the 
 53 
 
Stillaguamish watershed, more water quality monitoring coupled with a biological component 
should be prioritized, focusing on specific landscape and land cover designations. This 
consideration is especially important for those sites where we expected anthropogenic 
contamination to be low (i.e., forested reference site). Future fish studies in the watershed are 
suggested to further advance this baseline data. Additional intensive sampling and monitoring 
for CECs and suspected EDC exposures might include other areas frequently used by 
salmonids to be of consideration, such as nearshore and estuarine habitats. Based on this 
studies results only, it would appear as though water quality in the Stillaguamish watershed is 
not affecting the overall health of the fish, however, more research is needed to confirm this 
observation. 
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TABLES 
Table 1: General Categories of Chemicals of Emerging Concern (CECs) (EPA 2008, European Commission 2014). 
Potential Endocrine Disrupting Chemicals 
Source(s) Source group classification(s) Potential effects on fish, wildlife and/or humans 
Industrial, rural, urban, agricultural: Direct 
application, spray drift, runoff 
Pesticides/herbicides/insecticides Decreased reproduction and egg production, decreased 
metabolism, altered hormones, weight loss, low predator 
avoidance 
Industrial, rural, urban, agricultural: Food 
packaging, waterproof clothing, stain protectors, 
lubricants, paint 
Perflourinated compounds (PFCs) Immunotoxicity, decreased sperm count, low birth 
weight, thyroid disease 
Industrial, rural, urban, Agriculture: Plastics, flame 
retardants, furniture foam 
Polybrominated diphenyl- ethers (PBDEs) Feminization in male fish, reproduction and fertility 
complications, demasculinity in male fish, induction of 
plasma vitellogenin, hormone disruption, decreased 
metabolism 
Industrial, rural, urban, Agriculture: Cigarette 
smoke, motor vehicle exhaust, burning, fuels 
Polycyclic aromatic Hydrocarbons (PAHs) Decreased immunity, metabolism in CYP4501A1 gene, 
increased intracellular calcium, binding to the Ah 
receptor gene 
Pharmaceuticals and personal care products 
(PPCPs): Human prescribed drugs: birth control, 
antidepressants, Bactericides: triclosan, over the counter 
medications (e.g., Motrin), sunscreens 
Perflourinated compounds (PFCs) and Phthalates Reproduction and fertility complications, demasculinity 
in male fish, induction of plasma vitellogenin, gonad 
development 
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Table 2: Hypotheses and reported results for 2011 and 2012 field experiments.  
 Hypotheses Results (comments) 
2011 Hatchery-Reared Chinook Experiment 
Water 
Quality 
 
1.1.1 The number of analytes detected 
would be greatest at urban, agriculture 
and WWTP sites.  
Accepted: The greatest number of detections 
occurred at church, portage, prairie, Stillaguamish, 
then squire.  
1.1.2 The concentration of chemicals 
would be greatest at urban, agriculture 
and WWTP sites.  
Accepted: The concentration of chemicals was 
the greatest at church, portage, prairie, 
Stillaguamish, and squire in that order.  Evidence 
supported using odds ratios (accepted 2; church 
and miller, rejected 3; portage, prairie, 
Stillaguamish). Rejected: multivariate tests not 
significant. 
Tissue  
 
1.2.1    Gall bladder tissue concentration              
would be the greatest from urban, 
agriculture and WWTP sites. 
Rejected: The OH-PAH concentrations did not 
differ among sites. 
Micro-
array  
1.3.1    Gene expression would be altered 
from urban, agriculture and WWTP sites.  
Accepted: strongest response at portage. Evidence 
supported using ANOVA, ANOSIM, SIMPER 
analyses.  
2012 Juvenile Cutthroat Experiment 
Water 
Quality  
2.1.1   The number of analytes detected 
would be greatest at urban and agriculture 
sites.  
Accepted: The greatest number of detections 
occurred at these sites; church, fish, portage, 
followed by Boulder. 
2.1.2.   The concentration of chemicals 
would be greatest at urban and agriculture 
sites.  
Accepted: Odds ratios 
 Rejected: RELATE; not enough evidence to 
support.   
Tissue  
2.2.1.   Liver tissue concentration would 
be the greatest from urban and agriculture 
sites. 
Rejected: low sample size; not enough evidence 
to support. 
2.2.2.   VTG concentration would be the 
greatest from the urban and agriculture 
sites. 
Rejected: low sample size; not enough evidence 
to support. 
Micro-
array  
2.3.1.   Gene expression would be altered 
from urban and agriculture sites. 
Accepted: Strongest response at church creek.  
Rejected: evidence supports using ANOSIM.  
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Table 3: Stillaguamish River escapement numbers for 2011 and 2012. (WDFW and 
Stillaguamish Tribe, 2012). 
Species 2011 2012 
Chinook 1,017 1,534 
Coho 49,991 45,156 
Chum 53,984 46,328 
Pink 179,577 No data available 
Steelhead 1,469 1,379 
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Table 4: Study site descriptions with potential contaminant exposures and major land use at each site. Table codes: RD = rural 
development; I = industrial; A = agriculture; F = mostly forested site; RC = row crops; NCF = non-commercial farming; UD = urban 
development; Pharm= potential Pharmaceutical exposure; CHIN = juvenile Chinook salmon (Harvey creek hatchery raised); CUTT = 
wild juvenile cutthroat trout. *Considered mostly clean, primarily forested site, ** Hatchery site used in fish study only, no water 
quality data collected, *** Water quality and POCIS collection only.  
 URBAN AND AGRICULTURE 
WWTP 
EFFLUENT 
REFERENCE 
Site 
Church 
Creek 
Fish 
Creek 
Miller 
Creek 
Portage 
Creek 
Prairie 
Creek 
Stillaguamish 
River 
mainstem 
French       
Creek 
Boulder      
River 
Squire        
Creek 
Harvey 
Creek 
Hatchery 
Site code Cc Fc Mc Pc Prc Srm Frc Br*** Sc Hch 
Land use RD, I, A RD, A 
RC, 
NCF 
UD, A, I RD, I RD, I, A 
F (fish 
reference) 
F 
(forested 
reference) 
F (forested 
reference) 
F (Fish 
reference) 
Potential 
exposures 
Pharm., 
Wastewater 
Ag. 
related 
Most 
Ag. 
Pharm., 
wastewater 
Pharm., 
wastewater 
Pharm., 
wastewater 
*Clean *Clean *Clean 
Clean well 
water ** 
Fish sampling 
(species: year) 
CHIN: 2011 
CUTT: 2012 
CUTT: 
2012 
CUTT
2012 
CHIN:2011 
CUTT:2012 
CHIN:2011 CHIN:2011 
CUTT: 
2012 
CUTT: 
2012 
CHIN:2011 CHIN:2011 
Water quality 
sampling 
(year) 
2011, 2012 2012 2011 2011, 2012 2011 2011 2013 2012 2011 NA 
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Table 5: Water quality and caged study deployment and retrieval days in 2011. All (in) dates are 
April of 2011 and all (out) days in May 2011. 
 URBAN AND AGRICULTURE 
WWTP 
EFFLUENT 
REFERENCE 
Sites Church Miller Portage Prairie Stillaguamish Squire Harvey 
POCIS 
(in)  
April 
11th 
April 
12th 
April   
12th 
April 
12th 
April          
13th 
April 
13th 
April 
11th 
POCIS 
(out)  
May 9th May 1st May 9th May 9th May 10th May 10th May 9th 
WQ 
Sonde 
(in) 
April 
11th 
April 
12th 
April   
12th 
April 
12th 
April          
13th 
April 
13th 
April 
11th 
WQ 
Sonde 
(out) 
May 9th May 1st May 9th May 9th May 10th May 10th May 9th 
Cages 
(in) 
April 
11th 
April 
12th 
April   
12th 
April 
12th 
April          
13th 
April 
13th 
April 
11th 
Cages 
(out) 
May 9th May 1st May 9th May 9th May 10th May 10th May 9th 
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Table 6: Polar Organic Chemical Integrative Sampler analytes detected in 2011.  Table code associated with value is defined as: f; 
field preparation issue and/or concentration below associated field blank, E; estimated values, and blank cells indicate no detection. 
All data are normalized, by average, days deployed. Chemical classification codes as follows: 1; PAH, 2; PBDE, 3; phthalates, 4; 
pesticide/herbicide/insecticide, 5; wastewater indicator (fecal and steroids), 6; pharmaceutical and personal care product, 7; 
surfactants/plasticizer (EPA 2008).  All reported values are ng/POCIS-normalized to average days deployed.   
  Urban and Agriculture WWTP 
Effluent 
Reference Laboratory Usage 
Class 
code 
Field ID Church 
Creek 
Miller 
Creek 
Portage 
Creek 
Prairie 
Creek 
Stillaguamish 
mainstem 
Squire 
Creek 
Blank RL 
standard 
(0.16) 
MDL 
0.5*RL 
Analytes 
1,6,7 2,6-dimethyl naphthalene     f 9.12 11.71 f 9.06 7.92 8.45 64 32 
7 3,4-dichlorophenyl isocyanate    13.95 8.28 7.42  1000 500 
5 3-beta-coprostanol         432.85 293.93      510 255 
7 5-methyl-1H-benzotriazole  171.07       510 255 
4 atrazine                    82.32      260 130 
6 benzophenone               92.77 88.75 99.20 66.98 78.44 f 62 130 65 
5 beta-sitosterol            2273.33 769.26 500.59 481.61    1000 500 
7 bisphenol A                E110.68     E17.50 E14.8 64 32 
4, 7  bromoform  14.93 41.91 58.01 16.28 18.82  260 130 
5 caffeine                   167.63 86.11 62.34 74.73 59.01 21.37  130 65 
5, 6 camphor                    34.21 42.48 79.11 43.73 28.79 57.46 16.2 130 65 
5, 6 carbamazepine                183.70     320* 160 
5, 6 celecoxib                  861.11       640* 320 
5 cholesterol                E2284.8 E1308.9 E1228.5 E552.5  E 474.96 E311 510 255 
3 diethyl phthalate          958.70 545.37 505.19 1948.6 590.11 637.71 383 64 32 
3 diethylhexyl phthalate     E3249.3 E2215.9 E1837    E 767 64 32 
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6 ethyl citrate                  16.16   64 32 
6 galaxolide      39.50 47.30 48.91 48.38 43.40 50.49 34.6 63 31.5 
5, 6 ibuprofen                  E2617.8       640* 320 
5, 6 iminostilbene                35.82     80* 40 
5 indole                     41.79 93.00 68.54 41.30 21.26 30.56  64 32 
7 isophorone                 24.11 37.66 32.15 20.70 9.31   64 32 
5 menthol                     102.76 132.04 64.44 f f 57.3 510 255 
4 metalaxyl                  197.48       260 130 
5, 6 methocarbamol                  346.54   640* 320 
5, 6 methyl salicylate          f 83.24 f f f f 69.8 130 65 
4 diethyltoluamide (deet) 28.47 35.02 27.33 30.34 20.15 f 11.8 64 32 
1, 6, 7 naphthalene                f 704.96 f f f f 584 32 16 
7 NPEO1-total                360.52       510 255 
7 NPEO2-total                828.96 415.63      1000 500 
7 OPEO2                      E76.47       87 43.5 
5, 6 oxycodone                  E268.67       640* 320 
5, 7 para-cresol                208.96 1837.04 250.30 125.11 140.61 290.07  130 65 
7 p-nonylphenol 691.19 506.33 768.11 718.54 471.09 462.79 387 460 230 
4 Pentachlorophenol          304.26 167.63 251.44 177.14    510 255 
6 skatol                     8.42 109.76      64 32 
5 stigmastanol               677.41 368.56      510 255 
6 tonalide (AHTN)           17.11 21.24 25.72  f 21.37 16.7 63 31.5 
2 Tri (2-chloroethyl) phosphate 61.43 40.76 68.09 80.16 24.91   260 130 
2 Tri-dichlorisoprop phosphate 77.16   125.11    510 255 
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2, 6 Tributyl phosphate            42.25 30.78    64 32 
6 triclosan                  58.10       510 255 
2, 7 triphenyl phosphate        22.73 13.43 19.98  14.73 8.43 7.36 130 65 
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Table 7: Water quality data reported in 2011.  Temperature data collected by hobo data loggers.  
All values reported by USGS Water Science Center Tacoma, WA. Units are as follows: 
temperature (°C), dissolved oxygen (mg/l), specific conductance (S/m), pH unit-less.  
 URBAN AND AGRICULTURE 
WWTP 
EFFLUENT 
Reference 
Site Church 
Creek 
Miller 
Creek 
Portage 
Creek 
Prairie 
Creek 
Stillaguamish 
Mainstem 
Squire 
Creek 
Year 2011 2011 2011 2011 2011 2011 
Temperature  6.4-11.8 NA 5.6-11.5 6.4-12.3 5.2-16.5 3.7-9.5 
Dissolved 
Oxygen  
11.4-12.1 NA 11.5-11.5 11.4-11.8 12.1-12.2 11.8-12.1 
Specific 
Conductance  
105-121 NA 68-75 108-121 43-48 22-25 
pH 7.8-7.8 NA 7.7-7.8 7.1-8.0 7.3-7.5 7.2-7.6 
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Table 8: Odds ratio table. All sites were tested against the reference site in all cases.  
Example 1.0: 
Odds ratio table #of detects # of non-detects TOTALS 
Church (c) 31 12 43 
Squire (s) 14 29 43 
 
Formula: 
Odds Ratio (OR)= ((
𝑑𝑒𝑡𝑒𝑐𝑡𝑠 (𝑐)∗ 𝑛𝑜𝑛𝑑𝑒𝑡𝑒𝑐𝑡𝑠 (𝑠)
𝑑𝑒𝑡𝑒𝑐𝑡𝑠 (𝑠)∗𝑛𝑜𝑛𝑑𝑒𝑡𝑒𝑐𝑡𝑠 (𝑐)
)  𝐸𝑥𝑎𝑚𝑝𝑙𝑒: (
31∗29
14∗12
)) = 𝟓. 𝟑𝟓 
Natural log (OR) = 1.67 
Standard Error of Log (OR) = √
1
31
+
1
14
+
1
12
+
1
29
  = 0.47 
95% confidence interval (CI) for Log (OR) = 1.67 ± (1.96) (0.47) = 2.6,0.75 
95% CI upper Bounds = 2.59 
95% CI lower bounds = 0.75 
95% CI for Odds Ratio= EXP (upper and lower bounds) = (2.13 to 13.46) 
Based on the overlap of the CI and no value of 1.0, we can conclude that this association is 
significant.  
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Table 9: Detected POCIS analytes with associated use and CAS number reported in 2011 (Wagner et al. 2014). 
Compound Use CAS Number Compound Use CAS Number 
2,6-dimethyl napthalene     Present in diesel and kerosene  581-42-0 Indole                     Pesticide inert ingredient, fragrance in coffee 120-72-9 
3,4-dichlorophenyl isocyanate Chemical Intermediate, Dye production 102-36-3 Isophorone                 Solvent for lacquer, plastic, oil, silicon, resin 78-59-1 
3-beta-coprostanol         Carnivore fecal indicator 360-68-9 Menthol                    Cigarettes, cough drops, liniment, mouthwash 89-78-1 
5-methyl-1H-benzotriazole  Antioxidant in antifreeze and deicers 136-85-6 Metalaxyl                  General use pesticide, mildew, pathogens 57837-19-1 
Atrazine                   Herbicide 1912-24-9 Methocarbamol              Drug, muscle relaxant 1665-48-1 
Benzophenone               Fixative for perfumes and soaps 119-61-9 Methyl salicylate          Liniment, food, beverage, UV-absorbing lotion 119-36-8 
Beta-sitosterol            Plant sterol 83-46-5 Diethyltoluamide (DEET) urban uses, mosquito repellent 134-62-3 
Bisphenol A                Monomer in plasics and epoxy resins 80-05-7 Naphthalene                moth repellent, wood preservative, plastics 91-20-3 
Bromoform WW by-product, military explosives 75-25-2 NPEO1-total                Detergent metabolites NA 
Caffeine                   Beverages, diuretic 58-08-2 NPEO2-total                Detergent metabolites NA 
Camphor                    Flavor, odorant, ointments 76-22-2 OPEO2                      Nonionic detergent metabolite 2315-67-5 
Carbamazepine              Drug, anticonvulsant 298-46-4 Oxycodone                  Drug, narcotic 76-42-6 
Celecoxib                  Drug, anti-inflammatory 169590 -42-5 Para-cresol                Wood preservative 106-44-5 
Cholesterol                Ubiquitous; produced by animals,plants 57-88-5 P-nonylphenol-total     Detergent metabolites NA 
Diethyl phthalate          Solvent, plastic, resin; fragrances 84-66-2 Penta chlorophenol          Insecticide, wood preservative 87-86-5 
Diethyl hexyl phthalate     Historic pesticide; plastic manufacturing,  117-81-7 Skatol                     Fragrance, stench in feces and coal tar 83-34-1 
Ethyl citrate              Cosmetics, pharmaceuticals 77-93-0 Sstigmastanol               Plant sterol 19466-47-8 
Galaxolide      Musk fragrance 1222-05-5 Tonalide (AHTN)          Musk fragrance 21145-77-7 
Iibuprofen                  Drug, nonsteroidal anti-inflammatory  15687-27-1 Tri (2-chloroethyl) 
phosphate 
Plasticizer, flame retardant 115-96-8 
Iminostilbene              Drug, anticonvulsant 256-96-2 Tri (di-chlorisopropyl) 
phosphate 
Flame retardant 13674-87-8 
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Tributyl phosphate          Antifoaming agent, flame retardant 126-73-8 Triclosan                  Disinfectant, antimicrobial  3380-34-5 
Triphenyl phosphate        Plasticizer, resin, wax, roofing paper, 
flame retardant 
115-86-6    
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Table 10: Cage data results from 2011. Lengths and weights were averaged per site. Table codes: 
N= number of samples taken; Nc = number of samples taken from each cage (A or B). * Harvey 
creek hatchery fish were used as reference fish in genetic analysis. ** Pre-weights were wet 
weight and post weight was patted-dry weight (i.e., fish sedated) thus highly variable differences 
in weight were observed.  
 
URBAN AND AGRICULTURE 
WWTP 
EFFLUENT 
Reference 
Site Church Portage Prairie Stillaguamish Squire Harvey* 
N 15 15 15 15 15 15 
Nc 7A,8B 6A,9B 6A,9B 8A,7B 8A,7B 8A,7B 
Pre-length (mm) 752.92 746.25 734.17 753.75 747.08 756.25 
Post-Length (mm) 725.64 713.75 709.58 727.08 722.73 738.03 
Pre-weight (g)** 5 5.35 5.52 5.75 5.38 5.42 
Post-weight(g)** 4.19 4.11 4.1 4.2 4.33 3.82 
Survival 23 24 24 24 22 24 
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Table 11: Most responsive genes by site (n=54) reported in 2011. Responsive refers to those 
genes expressed with positive or negative log2 values. Each site had replicate (i.e., group) fish. 
The group labels were used from informational purposes only. Gene expression was measured by 
relative intensity of fluorescence. Units are Log2. 
 Urban/ Agriculture WWTP Reference 
Site Church Creek Portage Creek Prairie Creek Stillaguamish  Squire Creek 
Group AC BD AC BD AC BD AC BD AC BD 
Abcf2 0.340 -0.105 -0.230 0.018 -0.199 -0.564 -0.072 0.257 -0.144 -0.284 
ACMSD 0.112 -0.206 0.025 -0.228 0.086 0.258 -0.403 -0.113 0.408 0.382 
ACTB -0.105 -0.093 0.170 0.035 -0.385 -0.024  0.070 0.042 -0.694 
Aif1 0.579 -0.047 -0.042 0.085   -0.517 -0.033 0.118 -0.115 
ATP6V1B2 -0.895  -1.173 -1.532  1.373 0.404 1.276 0.785  
C4B 0.384 0.199 0.020 -0.723 -0.158 -0.241 0.478  0.561 0.280 
CBR1 0.038 0.130 -0.150 0.207 -0.368 0.253 0.050 0.229 -0.311 -0.299 
CIRBP 0.226 -0.098 -0.079 0.606 0.330 -0.006 -0.023 0.097 -0.209 -0.229 
CSRP2 -0.222   0.442    0.206 -0.103  
CYP2K4 -0.382 -0.276 -1.085 0.105 0.921 0.207 0.479 0.238 -0.531 -1.590 
CYP2K5 -0.152 -0.261 -0.711 -0.155 0.361 0.191 0.115 0.234 -0.251 -0.646 
CYP2M1 -0.052  -0.471 0.203 -0.221  -0.757  0.156 -0.460 
CYP3A27d195  0.017 0.039 0.815 -0.139 0.005 0.017 -0.077 0.415 0.131 
CYP3A27d196 0.554  -0.146    -0.157  0.438 -0.153 
ESR1  0.016  -0.373 0.141   0.341 -0.137  
F13B 0.060 -0.156 0.142 -0.156 0.110 0.211 -0.364 -0.543 -0.739 0.100 
FAHD1 -0.157 -0.225 -0.053 0.555 0.022   0.239 -0.003 0.121 
FZR1    -0.293    0.377 -0.012  
GAPDH  -0.378 0.198 -0.053 -0.047 -0.038 -0.215 0.400  -0.368 
GCSH    -0.169    0.378   
HBA1 -0.130 0.527 0.208 -0.076 -0.513 -0.060 -0.044 -0.548 0.461 -0.261 
HBA4 -0.434  0.176 -0.294 -0.260  0.036 -0.478 0.327 0.431 
HBB  0.466 0.579 0.042 -0.491 0.052 0.174 -0.270 0.348 -0.173 
HBB2   -0.004    -0.437   0.469 
HBB4 -0.429 0.408 0.711 -0.090 -0.143 0.051 0.051 -0.362 0.184  
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HBG1 -0.313  0.307 -0.010 -0.202 0.181 -0.049 -0.561 0.375 0.347 
HCC1 -0.229 -0.189 0.211 0.056 0.523  0.037 -0.102 0.078 -0.096 
HSPE1 -0.549 -0.141 -0.309 0.325 0.424 0.064 0.107 0.318 -0.056 0.230 
IGFBP1  -0.163 0.504   -0.168 0.257  -0.194 0.215 
NMRK2 
(ITGB1BP3) 
-0.042 0.137  0.096 -0.381 -0.299 0.150 0.239 0.395 0.066 
KPNA2 -0.001 -0.111 0.006 -0.845   0.107  0.009 0.357 
KRT18 0.003 -0.353 0.021 0.473 -0.048 -0.159 -0.190 0.339 -0.263 -0.284 
LGALS9 0.034 -0.443 -0.337 -0.261 0.233 0.324 -0.105 0.314 0.046 -0.299 
LYRM4  -0.377  0.375    0.249 0.212  
MMP1  -0.309 -0.104 -0.098 0.357 0.043 -0.226 -0.118 0.109 0.360 
MT1A -0.704 -0.146   -0.113 -0.154 -0.838 0.273  0.320 
NUPR1 0.414 -0.258 0.258 -0.330 -0.167 -0.392 0.060 -0.098 -0.050 -0.250 
PDIA3 0.790  -0.040 0.102 -0.140 -0.110 0.307 -0.444 -0.455 0.085 
PKP3    0.107    -0.408 0.172  
PPP2R4 0.412  0.030 -0.188 0.061 -0.079  -0.420 0.251 0.246 
Pten -0.311   -0.184   -0.058 -0.293 0.140 -0.693 
PTGDS  0.189  -0.116  0.706  0.101 -0.102  
RGN 0.423 -0.109 -0.492 -0.106 -0.045  0.771 -0.075 -0.064 0.101 
RRM1  0.305 0.140 0.063 -0.652 0.102 -0.135 -0.442 0.356 -0.047 
RTN4 -0.178 -0.075 -0.097 0.132 0.320 -0.041 -0.235  -0.488  
SCN3B -0.087 0.519 -0.047 -0.111 -0.163 0.499 0.194 -0.373 0.217 -0.057 
SFRS7 -0.307  -0.255 0.071 0.187 0.119 -0.061 0.282 -0.146 -0.853 
SRI -0.459 0.501 0.260 -0.022 -0.404 0.328 0.101 -0.621 0.464 0.234 
SUMO3 -0.029 0.129 0.181 0.170 -0.096 -0.735  0.210 0.078 0.221 
TAGLN -0.103 0.031 0.019  0.321 -0.145 -0.094 0.011 -0.728 0.022 
TF 0.435 0.277 0.287 -0.190 -0.106 -0.483 -0.094 -0.255 -0.203 0.257 
TNNT3 -0.129 0.176  0.133 -0.167 -0.002 -0.239 -0.501 0.192 0.179 
TPR  -0.061 -0.573 -0.195 -0.420 0.563 0.155 0.540 0.190 -0.797 
VTGR 0.394 0.277 -0.196 -0.233 -0.180  0.946 0.489 0.670 -0.275 
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Table 12: Principle components analysis (PCA) values representing components one and two from 2011.   
Variable PC1 PC2 Variable PC1 PC2 Variable PC1 PC2 
Abcf2 0.008 0.112 HBA1 -0.135 -0.169 Pten 0.044 -0.029 
ACMSD -0.031 -0.116 HBA4 -0.111 -0.212 PTGDS 0.076 -0.071 
ACTB 0.023 0.016 HBB -0.141 -0.127 RGN 0.069 -0.008 
Aif1 -0.045 0.067 HBB2 -0.064 -0.026 RRM1 -0.14 -0.144 
ATP6V1B2 0.589 -0.554 HBB4 -0.134 -0.131 RTN4 0.028 0.132 
C4B -0.023 -0.232 HBG1 -0.137 -0.16 SCN3B -0.007 -0.16 
CBR1 0.055 0.048 HCC1 0.026 0.054 SFRS7 0.182 0.1 
CIRBP 0.029 0.223 HSPE1 0.12 0.062 SRI -0.133 -0.248 
CSRP2 0.014 0.085 IGFBP1 -0.08 0.03 SUMO3 -0.098 0.046 
CYP2K4 0.456 0.289 ITGB1BP3 -0.031 -0.074 TAGLN 0.012 0.147 
CYP2K5 0.258 0.091 KPNA2 0.023 -0.18 TF -0.159 0.033 
CYP2M1 0.037 0.041 KRT18 0.028 0.193 TNNT3 -0.118 -0.065 
CYP3A27d195 -0.084 0.057 LGALS9 0.182 0.01 VEPB 0.091 0.026 
CYP3A27d196 -0.002 -0.007 LYRM4 0.025 0.067 VTGR 0.134 -0.139 
ESR1 0.079 -0.024 MMP1 0.001 -0.007 
F13B -0.08 0.079 MT1A -0.019 -0.041 
FAHD1 0.014 0.102 NUPR1 -0.061 0.025 
FZR1 0.068 -0.041 PDIA3 -0.11 0.113 
GAPDH 0.06 0.059 PKP3 -0.062 -0.018 
GCSH 0.061 -0.02 PPP2R4 -0.095 -0.059 
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Table 13: Water quality results from 2012. All values reported by USGS Water Science Center 
Tacoma, WA.  
Site  Church Creek Portage Creek Fish Creek Boulder River 
Temperature (◦C) 3.6-14 4.6-15.1 5.2-15.3 2.4-8.6 
Dissolved Oxygen (mg/l) 8.4-12.3 8.7-12.7 8.0-13.1 11.7-13.5 
Specific Conductance (S/m) 74-168 65-172 66-128 11-39 
pH 6.6-7.8 7.3-7.7 6.7-7.5 6.8-7.4 
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Table 14: Polar Organic Chemical Integrative Sampler (POCIS) analytes detected in 2012. Table code: f: sample field preparation 
issue and/or below associated field/lab blank. All concentration values reported as ng/POCIS-normalized to average days deployed.  
  URBAN/ AGRICULTURE REFERNCE LAB USAGE 
Analyte 
Church 
Creek 
Fish 
Creek 
Portage 
Creek 
Boulder River 
LAB 
BLANK 
Field 
Blank 
Reporting 
limit 
MDL 
0.5*RL 
1,4-dichlorobenzene 9.52 13.54 9.40 19.42   64 32 
1-methylnapthalene 4.74 5.76 5.04 7.37  2.45 32 16 
2-methylnapthalene 12.91 12.14 11.92 16.38  5.05 32 16 
3,4-dichlorophenyl isocyanate 8.54      512 256 
3-beta-coprostanol 98.92 193.86     512 256 
acetophenone 185.79 151.94 179.22 129.85  25.7 64 32 
benzophenone f   20.82  15.4 64 32 
beta-sitosterol 1836.07 1825.07 1850.31    2560 1280 
bisphenol A 20.62 32.75     32 16 
bromoform 24.00  31.48 37.32   128 64 
butalbital    29.71   80 40 
caffeine 93.63 24.01     64 32 
camphor 49.59 38.60 93.78 57.55   64 32 
carbamazepine  94.31     160 80 
celecoxib  103.04     320 160 
chloroxylenol 12.59 13.19  10.88   40 20 
cumene 48.22 126.62 75.95 95.81  5.4 32 16 
diethyl phthalate 171.70 220.06 213.13 211.74  131 32 16 
d-limonene 67.11 89.94 69.65 106.92  63.2 128 64 
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ethanol,2-butoxy-, phosphate 153.40      512 256 
galaxolide (HHCB) 11.75 9.95 21.31 5.97  4.75 31 15.5 
indole 35.82 21.57 42.14 50.65   32 16 
isophorone 23.57 7.68 25.09    32 16 
methyl salicylate 31.60 23.14 38.36 55.80  7.3 64 32 
N,N-diethyltoluamide (DEET) 24.34 11.79 26.64   4.2 32 16 
naphthalene 28.69 28.73 27.80 43.98 0.866 10.7 16 8 
oxycodone  347.55     320 160 
para-cresol 170.14 90.82 151.13 134.53   64 32 
pentachlorophenol 265.24  257.69    256 128 
pentobarbital 32.51  32.36    80 40 
phenol 44.61  48.83   43.25 64 32 
prometon 64.22 57.28 69.75    128 64 
skatol 10.69 6.64 28.58 10.29   32 16 
stigmastanol 338.27 593.80     1280 640 
tetrachloroethylene 4.22  5.72 5.26   128 64 
Tri (2-chloroethyl) phosphate 46.81 47.42 46.50    128 64 
Tri (dichlorisopropyl) 
phosphate 48.52 93.44     256 128 
tributylphosphate 20.37 11.53  15.21   32 16 
triclosan  112.65  157.92   255 127.5 
triphenyl phosphate f f 58.71 f 22.7 6.85 64 32 
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Table 15: Detected POCIS analytes with associated use and CAS number reported in 2012 
(Wagner et al. 2014). Chemical class codes (number in parentheses after analyte) are defined as: 
1; PAH, 2; PBDE, 3; phthalates, 4; pesticide/herbicide/insecticide, 5; wastewater indicator, 6; 
pharmaceutical and personal care product, 7; surfactant/plasticizer (EPA 2008). 
Compound Use CAS Number 
1,4-dichlorobenzene (6,7) Moth repellant, fumigant, deodorant 104-46-7 
1-methylnapthalene (1,6,7) 2-5% of gasoline; diesel fuel, crude oil 90-12-0 
2-methylnapthalene (1,6,7) 2-5% of gasoline; diesel fuel, crude oil 91-57-6 
3,4-dichlorophenyl isocyanate (7) Chemical Intermediate, Dye production 102-36-3 
3-beta-coprostanol (5) Carnivore fecal indicator 360-68-9 
Acetophenone (6) Fragrance, detergent and tobacco; beverage flavor 98-86-2 
Benzophenone (6) Fixative for perfumes and soaps 119-61-9 
Beta-sitosterol (5) Plant sterol 83-46-5 
Bisphenol A (7) Monomer in plastics and epoxy resins 80-05-7 
Bromoform (4,7) Ozination byproduct, explosives 75-25-2 
Butalbital (5,6) Drug, barbiturate 77-26-9 
Caffeine (5) Beverages, diuretic 58-08-2 
Camphor (5,6) Flavor, odorant, ointments 76-22-2 
Carbamazepine (5,6) Drug, anticonvulsant 298-46-4 
Celecoxib (5,6) Drug, anti-inflammatory 169590-42-5 
Chloroxylenol (5,7) Antimicrobial compound,  88-04-0 
Cumene (7) Fuels, solvents, ink, toner 98-82-8 
Diethyl phthalate (3) Solvent for lacquer, plastic, resin; fragrances 84-66-2 
D-limonene (5,6) Pesticide, fungicide, antimicrobial, fragrance 5989-27-5 
Ethanol,2-butoxy-phosphate (2) Flame retardant 78-51-3 
Galaxolide (HHCB) (6) Musk fragrance 1222-05-5 
Indole (5) Pesticide inert ingredient, fragrance in coffee 120-72-9 
Isophorone (7) Solvent for lacquer, oils, resins,  75-59-1 
Methyl salicylate (5,6) Liniment, food, beverage, lotion 119-36-8 
N, N-diethyltoluamide (DEET) (4) Insecticide, urban uses, mosquito repellent 134-62-3 
Naphthalene (1,6,7) Multiple Uses; moth repellent, wood preservative, plastics 91-20-3 
Oxycodone (6) Drug, Narcotic-Pharmaceuticals 76-42-6 
Para-cresol (5,7) Wood preservative 106-44-5 
Pentachlorophenol (4) Insecticide, wood preservative 87-86-5 
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Pentobarbital (5,6) Drug, barbiturate 76-74-4 
Phenol (6,7) Disinfection byproduct; common manufacturing ingredient 108-95-2 
Prometon (4) Pesticide, herbicide, lawns, right-of-way, pre-emergent  1610-18-0 
Skatol (6) Fragrance, stench in feces and coal tar 83-34-1 
Stigmastanol (5) Plant sterol 19466-47-8 
Tetrachloroethylene (7) Solvent, degreaser, veterinary anthelmintic 127-18-4 
Tri (2-chloroethyl) phosphate (2) Plasticizer, flame retardant 115-96-8 
Tri (dichlorisopropyl) phosphate (2) Flame retardant 13674-87-8 
Tributylphosphate (2) Antifoaming agent, flame retardant 126-73-8 
Triclosan (6) Disinfectant, antimicrobial, Pharmaceutical  3380-34-5 
Triphenyl phosphate (2,7) Plasticizer, resin, wax, roofing paper, flame retardant 115-86-6 
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Table 16: Analytes detected across all sample sites in 2012 with repeat detections from 2011.   
Analyte Detected in 2011 study 
Value detected in lab or field 
blank 
1, 4-dichlorobenzene NO NO 
1-methylnapthalene NO YES 
2- methylnaphthalene NO YES 
acetophenone NO YES 
camphor YES NO 
cumene NO YES 
diethyl phthalate YES YES 
d-limonene NO YES 
galaxolide YES YES 
indole YES NO 
methyl salicylate NO YES 
naphthalene NO YES 
p-cresol YES NO 
skatol NO NO 
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Table 17: Mark/recapture results from 2012. *Recapture was not attempted at church creek site; 
flows were high and creek was turbid during collection event. Boulder River consistently had 
high flows during the marking effort and was traded out for French creek at the last minute 
therefore resulting in no mark/recapture efforts. 
Site Marked Recaptured Total Marked 
fish sampled 
Total fish 
sampled 
*Boulder River 1 NA NA NA 
*church creek 33 NA 0 9 
fish creek 67 8 8 13 
*French creek 0 NA 0 8 
portage creek 77 21 7 13 
 84 
 
Table 18: Liver tissue chemistry results from 2012. Results are normalized by lipid mass. Data values provided by USGS Columbia 
laboratory with units of ng/g. 
 URBAN AND AGRICULTURE 
Site  Church Creek Fish Creek Portage Creek 
Chlordanes: t-Nonachlor 21.96 24.73 33.08 
Chlordanes: cis-Nonachlor 5.33 7.62 8.46 
Dacthal 2.56     
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Table 19: Vitellogenin (VTG) concentrations by site as reported in 2012. Units are ng/ml.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Group Site 
Fish 
Code 
Sex 
(M/F) 
Total 
Blood Vol 
(mL) 
ng/ml 
     U
R
B
A
N
 A
N
D
 A
G
R
IC
U
L
T
U
R
E
 
Church CC-C M 0.2 6.7 
Church CC-E M 0.15 9.1 
Church CC-G M 0.1 ND 
Church CC-H M 0.5 ND 
Church CC-I M 0.5 ND 
Fish Fish B M 0.3 ND 
Fish Fish C M 0.3 5 
Fish Fish F M 0.25 ND 
Fish Fish J M 0.2 ND 
Fish Fish M M 0.4 3.7 
Portage PC-B M 0.2 ND 
Portage PC-C M 0.4 ND 
Portage PC-D M 0.3 ND 
Portage PC-E M 0.3 ND 
Portage PC-H M 0.45 ND 
R
E
F
E
R
E
N
C
E
 
French FC-A F 0.18 ND 
French FC-C M 0.2 ND 
French FC-D F 0.21 18.8 
French FC-E F 0.18 128.3 
French FC-F M 0.65 ND 
French FC-G M 0.19 ND 
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Table 20: Most responsive genes (n=43) as reported in 2012. Responsive refers to those genes 
expressed with positive or negative log2 values. Each site had replicate (i.e., group) fish. The 
group labels were used from informational purposes only. Gene expression was measured by 
relative intensity of fluorescence. Units are Log2. 
Site Church Creek Fish Creek Portage Creek 
Group EH CI CG BF EC DH 
apoeb -0.2745  0.5712 0.2065 -0.0785 -0.1837 
BTG1 -0.0231 -0.5447 -0.0555 -0.75 0.0016  
C4B -0.3805 -0.0546 -0.2674 -0.7142 0.2092 0.9392 
CBR1 0.003 -0.0809 -0.3037 0.7654 0.0274  
Cebpd 0.4897 -0.6089 -0.7205 -0.458 -0.6277  
COX6A1 0.1174 0.6967 -0.0425 -0.4202 -0.2373 0.1282 
CYP2K5 0.4536 0.4234 0.4225 -0.3787 -0.0139  
DAP -0.3679 -0.7265 -0.1856 0.0761 0.2607 0.4617 
DDX1 -0.1534 -0.0464 0.3454 -0.2825 0.2842 0.535 
EIF1B -0.2088 -0.6743 -0.4365  0.4735 0.1858 
FABP3 0.8627 1.0355 0.5323 0.7644 0.0394  
FSTL1 0.1059 0.6557 0.0619 -0.3411 -0.0869 -0.3241 
G3PD 0.4055 0.4072 0.2618 -0.3305 -0.1593 0.8575 
GAMT 0.6878 0.3049 -0.4224 -0.3358 -0.2951 0.007 
GAPDH 0.4372 0.366 0.0332 -0.4687 0.2469  
GNB2L1 -0.037 0.2289 0.0504 -0.1583 -0.3506 0.6088 
H1FX 0.4637 -0.5835 0.2335 0.161 0.6923  
H3F3B -0.1527 -0.6173 -0.29 0.1147 0.2876 -0.008 
HBA -0.2083 0.6947 0.169 0.0032 -0.1311 0.0052 
HSPD1 -0.4052 0.1168 -0.1878 0.8781 0.4572  
HSPE1 -0.2568 0.3204 -0.3344 0.7233 0.1109  
IDH2 0.1108 -0.419 0.1998  0.2249 -0.8011 
KHDRBS1 -0.3947 -0.228 -0.2872 -0.2669 0.5519 0.2041 
MGEA5 0.349 0.9026 -0.0893 -0.1319 -0.015 -0.1279 
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MT1A -0.0526 -0.858 -0.3342  -0.4645 0.0791 
NDRG3 -0.2795 -0.653 -0.0311 0.0535 0.219 0.1836 
NDUFA4 -0.6377 0.0977 -0.1333 0.0023 0.0224 0.3709 
NUPR1 -0.0311  -0.1215 -0.3883 -0.5722 0.5837 
OAT 0.3468 0.8332 -0.0601 -0.0618 0.2392  
PCOLCE 0.0099 -0.0362 -0.1467 -0.5179 -0.0201 0.6439 
PDIA3 -0.3236 0.34 -0.1013 -0.4486 0.4556 -0.3337 
PECR 0.1136 -0.4516 0.0317 1.0404 0.1503 -0.7402 
PGM1 -0.2998 0.7918 0.285 0.1798 -0.0601 -0.454 
PRDX1 -0.1859 0.416 -0.1051 0.9503 0.0284 -0.2641 
PSMB7 -0.3058 0.2759 -0.0056 0.8093 0.0279  
RBP4d144 0.55 0.6146 0.3848 -0.0473  -0.2357 
SERINC1 0.0847 -0.4993 -0.036 -0.2325 0.0684 0.5079 
SOD1 -0.1419 1.0693 0.0538 0.0636 -0.0388 0.0483 
SRI 0.02 0.268 0.2139 0.2141 -0.5645 -0.1476 
SUMO2 -0.5105 -0.1081 -0.2611 0.0637 0.5297 0.007 
TGFBI 0.5918 0.096 0.0008 -0.6459 -0.1819 -0.3801 
TINP1 (NSA2) 0.2027 -0.3868  -0.5883 -0.0387 0.4263 
TPI1 -0.1786 0.3941 0.6888 0.2892 0.1604 -0.6379 
 88 
 
Table 21: Principle components analysis (PCA) values representing components one and two from 2012.   
Variable PC1 PC2 Variable PC1 PC2 Variable PC1 PC2 
apoeb 0.084 -0.064 HBA 0.136 0.102 SERINC1 -0.221 0.001 
BTG1 -0.167 0.075 HSPD1 0.076 -0.255 SOD1 0.186 0.144 
C4B -0.289 0.135 HSPE1 0.113 -0.146 SRI 0.142 0.047 
CBR1 0.05 -0.184 IDH2 0.083 -0.115 SUMO2 -0.048 -0.132 
Cebpd -0.134 0.101 KHDRBS1 -0.146 -0.061 TGFBI   
COX6A1 0.066 0.237 MGEA5 0.162 0.192 TINP1-NSA2   
CYP2K5 0.04 0.195 MT1A -0.14 -0.091 TPI1   
DAP -0.23 -0.165 NDRG3 -0.156 -0.149    
DDX1 -0.155 0.045 NDUFA4 -0.054 -0.029    
EIF1B -0.195 -0.165 NUPR1 -0.123 0.165    
FABP3 0.248 0.078 OAT 0.113 0.149    
FSTL1 0.153 0.176 PCOLCE -0.193 0.14    
G3PD -0.13 0.235 PDIA3 0.056 0.055    
GAMT 0.015 0.205 PECR 0.166 -0.335    
GAPDH -0.006 0.173 PGM1 0.265 0.041    
GNB2L1 -0.077 0.133 PRDX1 0.217 -0.176    
H1FX -0.134 -0.145 PSMB7 0.129 -0.163    
H3F3B -0.118 -0.166 RBP4d144 0.151 0.148    
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FIGURES 
 
Figure 1: Map of the study sites throughout the Stillaguamish Watershed. 
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Figure 2: Daily water temperature at sites sampled in 2011.  
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a b 
c 
Figure 3a: Photo of POCIS membrane system used in the experiment, b: Photo of POCIS in the 
field, c: photo of fish cages stacked in the field. Photos a and b courtesy of USGS and photo c 
courtesy of J. Pope. 
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Figure 4: Stainless steel cages used in 2011 cage study. Photo by J. Pope.  
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 Figure 5: cDNA microarray experiment for juvenile salmonids. For each fish sampled liver, RNA is extracted and purified. 
Purified RNA from reference and treatment fish is mixed with aminoallyl-UTP nucleotides and Reverse Transcription (RT) 
enzymes to synthesize cDNA sequences.  These sequences thereby become labeled using a red-fluorescent dye (Cy5) or a 
(green-fluorescent dye (Cy3).  Pools of 4 fish per site labeled in this manner are then used in all hybridizations with the cDNA 
microarray slide. The target samples are mixed and incubated with the 748 element cDNA microarray slide and allowed to 
hybridize overnight.  Slides are then imaged using a scanner and fluorescence measurements are made separately for each dye 
at each spot on the array. Dark shaded box= CY3 (green), white brick patterned squares=CY5 (red). Figure re-printed from 
Dudoit et al. 2000. 
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Figure 6: Dye swapping of biological replicate pairs.  
EX. 1 
Site: Church creek 
Step 1: Collect biological samples. In this study five fish samples were collected for this specific 
analysis. Dye-swapping suggests an even number of samples to proceed. Fish D was randomly 
chosen to be removed from analysis.  
 
 
 
Step 2: two fish are randomly chosen for pairs to hybridize together for the microarray. In this 
example fish B paired with fish E, and fish A with fish C. Each individual fish will be dyed with 
in no particular order CY3 and CY5 (round 1) and then the dyes with be swapped (round 2).  
 
 
 
 
 
Step 3: This results in two individual fish per site for the genetic expression analysis. The 
expression values of variation and intensity of these fish are presented in Log2 values.  
 B    E  A    C 
Fish Fish B Fish E  Fish A Fish C 
Round 1 CY3 CY5 CY3 CY5 
Round 2 CY5 CY3 CY5 CY3 
        Fish A        Fish B         Fish C       Fish D       Fish E 
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Figure 7: Analytes detected by site in 2011.  
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Figure 8: Most responsive genes at church creek in 2011. Replicate values averaged. 
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Figure 9: Portage creek most responsive genes in 2011 (replicate pairs averaged). 
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Figure 10: Prairie creek most responsive genes in 2011 (replicate pairs averaged). 
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Figure 11: Stillaguamish mainstem most responsive genes in 2011 (replicate pairs averaged).  
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Figure 12: Squire creek most responsive genes in 2011 (replicate pairs averaged).  
 101 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Principle components analysis reported in 2011. Ordination explains 51.4% cumulative 
variation among variables. Site codes (e.g., AC or BD) represent replicate fish from each site.    
2011 Principle Components Analysis 
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Figure 14: Gene functional classes across all sites in 2011. 
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Figure 15: Analytes detected by site in 2012. 
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Figure 16: Church creek responsive genes in 2012. Replicate values averaged.  
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Figure 17: Fish creek responsive genes in 2012. Replicate values averaged.  
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Figure 18: Portage creek most responsive genes in 2012 (replicate pairs averaged).  
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Figure 19: Scatterplot of significant genes reported in 2012. Data was transformed by adding a 
constant (2.0) value to all data values. 
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Figure 20: Principle components analysis visually representing 61.7% cumulative variation 
among samples in 2012. The site codes (e.g., EH and CL) represent the replicate fish at each 
site.  
2012 Principle Components Analysis 
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Figure 21: Gene functional classes across all sites in 2012.  
